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ABSTRACT




A study was made of suspected choline compounds in the marine dino- 
flagellate Amphidinium carteri, Initial assays of the cultured and ly- 
ophilized alga utilizing a choline-requiring strain of Neurospora crassa 
showed that the alga contained approximately 0.38% dry weight choline 
chloride equivalent. Upon division of this choline chloride equivalence 
into lipoidal and non-lipoidal forms of choline present in the dinoflagel- 
late by utilization of an ethanolic extraction method followed by butanol 
partition, almost all of the choline activity in the alga was found due to 
non-lipoidal forms of choline. Since non-lipoidal forms of choline may act 
as potential neurotoxins in higher animals, the choline compounds occurring 
*-n carteri were subjected to further analysis.
The choline components of A. carteri were ethanol extracted and 
purified by preparative paper chromatography and precipitation methods. 
Three non-lipoidal choline components were found to occur in the alga and 
were designated Unknown Components #1, #2 and #3. Utilizing a number of 
chemical, physical and chromatographic methods, Unknown Component #1 was 
found to be a choline ester. Acid hydrolysis of the unknown led to two 
products, choline chloride, as determined by paper chromatography, and 
acrylic acid, as determined by gas-liquid chromatography. Thus, the un­
known was tentatively identified as acrylylcholine. Positive proof of this
xi
tentative identification of Unknown Component #1 was achieved upon the co­
chromatography of the unknown with authentic acrylylcholine in a number of 
paper and thin-layer systems.
Unknown Component #2 was also shown to be a choline ester by chemical, 
physical and chromatographic methods. Acid hydrolysis of the unknown again 
led to two products, choline chloride and an unknown volatile hydrolysis 
product which was not able to be identified by gas-liquid chromatographic 
or spectral analysis. Thus. Unknown Component #2 is theorized as being a 
choline ester with a two or three carbon acyl group. A discussion is in­
cluded which postulates further that the acyl group of this unknown ester 
may contain heteroatom substitution and/or may be derived from acrylyl­
choline.
Unknown Component #3 was found to co-chromatograph in all paper and 
thin-layer systems with authentic choline O-sulfate. In addition, the 
spectral, chemical and physical methods applied to the unknown and authen­
tic choline 0-sulfate proved conclusively that Unknown Component #3 is 
choline O-sulfate.
The crude ethanolic extract from A. carteri cells as well as purified 
Unknown Component #1 proved pharmacologically active in a number of animal 
systems specifically sensitive to choline esters including clam, crustacean 
and frog heart assays and mouse intestinal strip assay. In addition, the 
extracts and whole cells of A. carteri proved potentially toxic to fish 
and mice in preliminary studies. Based on these results, a discussion is 
included concerning the distribution, chemical nature, biological activity 
and possible functions of choline substances and other quaternary nitrogen 
compounds in marine organisms.
xii
It is concluded that the occurrence of potentially toxic choline 
substances in a marine dinoflagellate may influence the distribution and 
passage of these compounds through the marine food chain. Thus, the 
further analysis of other toxic dinoflagellates for quaternary nitrogen 




In 1849, Strecker (118) isolated an organic base from hog bile 
which he re-examined in 1862 and characterized as an "ethylene-oxide 
trimethylamine" and which he named "choline” (119). In the meantime,
Babo and Hirschbrunn had isolated a new organic base by alkaline hy­
drolysis of an alkaloid derived from white mustard (Sinapis alba) seed 
and which they named "sinkalin" (13). The similarities of sinkalin and 
choline were noted by later investigators and finally the two were pro­
ven to be the same compound, choline hydroxide (trimethyl-0-hydroxyethyl- 
ammonium hydroxide), by Baeyer (16,17) and Wurtz (143,144) who chemically 
characterized and synthesized the substance. The studies by Baeyer also 
clarified the confusion resulting from Liebreich's work with an organic 
base isolated from hydrolyzed brain "protagon" (lecithin) which he had 
named neurine (82). This "neurine" was shown by Baeyer to be choline and 
the name "neurine" was reserved for vinyltrimethylammonium hydroxide, a 
decomposition product of choline.
During his work on the chemical characterization of choline, Baeyer 
synthesized a new derivative of choline by treatment of choline chloride 
with acetyl chloride:
+ +
Cl"(CH3)3NCH2CH2OH + CH3C0C1 >  Cl“(CH3)3NCH2CH20C0CH3 + HC1
Although the major aim of this experiment was to prove that choline con­
tained an alcoholic hydroxyl group, the resulting product of the reaction, 
acetylcholine (ACh), has turned out to be a compound of great importance 
in the fields of biochemistry and physiology.
2The study of choline and its esters did not attract much additional 
interest after these early experiments until Ewins discovered the natural 
occurrence of acetylcholine in ergot (the ascomycete, Claviceps purpurea) 
(44), and Dale defined the muscarinic and nicotinic effects of acetyl­
choline and other choline esters on nerve preparations based on his own 
observations and earlier work carried out by Hunt and Taveau (34,70). In 
1921, a milestone experiment in acetylcholine research was reported by 
Loewi who showed that parasympathetic nerves produce their stimulation ef­
fects by peripheral release of "Vagusstoff," a choline ester "resembling” 
acetylcholine (85). In this report, Loewi showed that the frog vagus nerve 
inhibits the frog's heart by liberating this choline ester. After this in­
itial indication of the transmitter function of acetylcholine, a series of 
studies followed which proved that acetylcholine is indeed a neurohumor 
(see, £•£•» 35,36,47) and is found in a great variety of animal tissues (21, 
22,31).
Since these early studies with choline compounds, there has been a 
continuing interest in them due to their highly active nature in animal 
neural systems, their possible role as transport factors in lower organisms 
and plants, and the newer implications of their role as neurotoxins. The 
present work is concerned with the natural occurrence and function of cho­
line compounds, especially in marine organisms.
15. Naturally-Occurring Choline Compounds.
Since the original discoveries of choline in hog bile (118) and acetyl­
choline in ergot (44), numerous choline compounds have been found in nat­
ural sources as is shown in TABLE 1. Choline itself is a fairly ubiquitous 
compound in both the plant and animal kingdoms, occurring in all phyla al-
TABLE 1.
Non-Phospholipid. Naturally-Occurring, Choline-Containing Substances.
Name Structure Occurrence References
Choline (chloride) hoch2ch2n(ch3)3




30, 61, 77, 
87, 98
Propionylcholine ch3ch2cooch2ch2n(ch3)3 Mollusks; Mammals 14, 137
Butyry1choli ne ch3ch2 ch2cooch2ch2n(ch3)3 Mammals 69
Y -Aminobutyrylcholine h2nch2ch2ch2cooch2ch2n(ch3)3 Mammals 76, 81
TABLE 1 (Continued).
Name Structure Occurrence References
Acrylylcholine h2c=chcooch2ch2n(ch3)3 Mollusks 137













19, 72, 74, 








Name Structure Occurrence References








(Ostracitoxin) CH3(CIi2)12CHCH2C00CH2CH2N(CH3)3 Hawaiian Boxfish 25, 124
"Glycolipid" (CH3)2CH(CH2)gCH=CH(CH2)2C00CH2CH2N(CH3)3 Japanese Oyster S £ .  94
Component
6though its occurrence in bacteria appears to be the exception rather than 
the rule (71). Of interest here is the fact that choline in one form or 
another is found widely among the algae with the exception of the blue- 
green algae (see 72,73). In most cases in the algae, this choline is prob­
ably bound choline in the form of, e»£.» phospholipid. Acetylcholine is 
also fairly ubiquitous but is found chiefly in the animal kingdom (although 
it has been reported in bacteria (116)). In marine organisms, acetylcholine 
has been found in echinoderms, e,.£.» starfish (98); cephalopods, £.£•» oc­
topus (61); crustaceans, £•£•» lobster (77); and in certain fish, such as 
in the electric organ of Torpedo (30,87).
Whereas acetylcholine is fairly common in the animal world, other 
choline esters are not. Propionylcholine (14,137), butyrylcholine (69) 
and Y-aminobutyrylcholine (76,81) have thus far been reported from only a 
few natural sources which include chiefly mammalian nervous systems. These 
compounds are of interest, however, since their corresponding organic acids 
are also found in mammalian brains and this may suggest a possible neuro­
humor activity for these compounds with esterase control (see below).
Choline esters with acyl groups derived from acrylic acid are of great 
interest since they have, thus far, been found only in marine gastropods 
(although p,p-dimethylacrylylcholine may also be present in the garden 
tiger moth, Arctia ca.ja (23)). Acrylylcholine has been found in species 
of luccinidae (137) while 0,(J-dimethylacrylylcholine has been reported 
in the oyster drill, Thias floridana (77,136,137). Urocanylcholine is much 
more prevalent than the latter two compounds and has been reported in mem­
bers of Murex, Tritonalia, Urosalpinx, Thias and other gastropod species 
(42,43,77,137,138). This ester, originally known as murexine, was first 
located in the hypobranchial (or purple) gland of Murex truculus and char-
7actecized as a neucoactive agent by Dubois in 1903 (38). Roaf and Niren- 
stein (103) in 1907 found and pharmacologically characterized a substance 
similar to (and probably the same as) murexine from Purpura lapillus.
Other marine organisms have been found to contain unusual choline 
substances. Pahutoxiny a choline ester unusual in its fat-soluble prop­
erties due to its long hydrocarbon acyl group* has been found in the 
Hawaiian boxfish, Ostracion lentiginosis (25,124) while a component of the 
"glycolipid" from species of Japanese oysters has been shown to be another 
long acyl chain choline ester (94).
In addition to these identified choline substances, there have been a 
number of unidentified substances from marine organisms which have been 
reported as possessing acetylcholine-like activity in physiological test 
systems. For example, a substance from the sea hare, Aplysia californica 
Cooper, has been reported which resembles acetylcholine in its pharmaco­
logical properties (141), and homogenates of sea urchin pedicellariae ex­
hibit strong cholinergic activity (93).
Two inorganic esters of choline, choline 0-sulfate and choline 0- 
phosphate, are also found to occur naturally. However, their functions 
appear to differ from the apparent neural functions of organic choline es­
ters. Choline 0-sulfate occurs widely in both plants and microorganisms and 
has been found in bacteria, fungi, algae, lichens and higher plants. In 
marine organisms, choline 0-sulfate has been found in coelenterates (106) 
while Lindberg has reported the presence of choline 0-sulfate as well as tau­
rine, N-methyltaurine and N,N-dimethyltaurine in the red alga Gelidiua cartil- 
agineum and has postulated a biosynthetic pathway from the methylated taurines 
through N,N,N-trimethyltaurine (“taurobetaine," see below) to choline 0- 
sulfate (83). The function of choline 0-sulfate in vivo is still uncer­
8tain, but the compound appears involved in transport activities. Active 
uptake mechanisms have been found for the compound in fungi (19) and higher 
plants (95,96), The compound can also serve as the sole source of sulfur 
in a number of microorganisms and is utilized by these organisms via an 
active transport system which accumulates the ester within the cell and a 
sulfatase which hydrolyzes the ester to liberate sulfate for further re­
duction (19),
Choline O-phosphate has been shown to occur in non-lipoidal forms in 
both bacteria and plants (74,86,126). The compound has been found to be 
the major phosphate ester in some plant saps and may act as a phosphate 
carrier in these saps due to its solubility in organic solvents and its 
ability to penetrate plant cell membranes (86). The choline compound found 
in the cell wall of a choline-requiring strain of Pneumococcus (126) has 
been shown to occur in the pneumococcal C-substance of the cell wall and 
has been characterized as a choline O-phosphate containing ribitol teichoic 
acid (29).
Finally, two choline compounds which are less well-known and char­
acterized can be mentioned here. Sinapine, the choline ester of sinapic 
acid, can be extracted from black mustard (Brassica nigra Koch) seeds with 
ethanol (102). It is uncertain whether this compound is the "alkaloid," 
sinapin, isolated by Babo and Hirschbrunn (13) from white mustard seed (see 
above), but sinapin would appear to be the same compound as sinapine since 
the boiling of the former compound with alkali released choline (sinkalin). 
The other compound to be briefly considered here is succinyldicholine 
which has not, as yet, been found in a natural source but is of great inter­
est due to its clinical use as a muscle relaxant. It may be postulated that 
the reason succinyldicholine has not been found in vivo is due to its ex-
9tremely high lability to hydrolysis (see 140).
C , Pharmacological Actions of Choline and its Esters.
Ever since Loewi (85) theorized in 1921 that acetylcholine might 
have a transmitter function at neural synapses, the study of choline and 
its esters has been directed primarily at the functions of these compounds 
in nervous tissue. Thus, in order to stress the importance of choline com­
pounds isolated from natural sources, a brief discussion of the pharmaco­
logical activities of these compounds is in order.
Acetylcholine has been shown to be a neurohumor which stimulates 
receptors on postsynaptic cell membranes in all neuromuscular, parasympa­
thetic and some sympathetic neural junctions by causing a local depolari­
zation of the postsynaptic cell membrane. The depolarization is then 
propagated along the postsynaptic receiver cell and results in the response 
characteristic of that receiver, £•£•» striated or smooth muscle contrac­
tion. In the normal course of events, the acetylcholine, after having 
stimulated the receiver cell, is hydrolyzed by acetylcholinesterase to 
acetic acid and choline (see 135) and thus the receiver cell is able to re­
turn back to its polarized or "relaxed" state, ready for further stimula­
tion. Acetylcholine itself is synthesized in presynaptic neural vesicles 
by choline acetylase (see 62). This is the normal course of acetylcholine 
excitation. However, if acetylcholine or, as has been recently found, 
certain other choline esters are present in an animal in amounts such that 
they cannot be completely hydrolyzed by acetylcholinesterase after stimu­
lating receiver cells, then the receiver cells will remain depolarized, 
i^ £., they cannot return to their polarized or "relaxed" state but, rather, 
remain in a static "excited" state which results in muscle paralysis,
10
a neuromuscular block. Thus, in effect, choline and certain of its esters 
have been found to play a dual role in nervous tissue, depending on concen­
tration, either as neurohumors (in low concentrations) or as neurotoxins 
(in high concentrations). Up to the present time, it has been reported 
that the naturally-occurring choline esters propionyl-, butyryl-, Y -amino- 
butyryl-, acrylyl-, p,p-dimethylacrylyl- and urocanylcholine may all ex­
hibit this dual role of neurohumor/neurotoxin similar to acetylcholine de­
pending on concentration as may choline itself (at high concentrations) and 
succinyldicholine.
The finding that choline esters can act as neurotoxins has led to the 
postulate that such compounds may act as defensive/offensive substances in 
organisms in which they are concentrated in high amounts in secretions and 
non-neural organs. For example, urocanylcholine, which has a neuromuscular 
blocking action of the typical (high concentration) acetylcholine depolari­
zing type (137), is found uniquely in the hypobranchial glands of gastro­
pods such as species of Murex. Since the hypobranchial gland of these 
snails is known to secrete its contents into the surrounding area when the 
animal is engaged in food-gathering and since the content of urocanylcholine 
may comprise up to 1.4 mg per gram of organ (58), the choline ester may act 
as a neurotoxic secretion. Additional evidence for such a theory is the 
fact that gastropods do not appear to contain acetylcholine as a major 
neurohumor but rather contain compounds such as Y~aminobutyric acid and 
glutamic acid as neurohumors (50) and thus might be considered relatively 
"immune" to the neurotoxic effects of a secreted choline ester.
Evidence also exists for other types of choline toxicity besides such 
direct neurotoxin effects. Large amounts of free choline (0.1-0.5% dry 
weight) have been found in the ovaries of the shellfish Callistra brevi-
11
siphonata and are believed to be responsible for poisonings which have re­
sulted from the ingestion of the shellfish (10). The choline in the ovaries 
is postulated as arising from the action of esterases on choline esters and 
presents an interesting question as to the nature and source of these esters.
One last topic must be considered concerning the pharmacological activ­
ity of choline esters and this concerns their structure/activity relation­
ships. It has been shown by a number of workers that the ability of choline 
esters to act as depolarizing transmitters at neural junctions depends on 
the nature and size of both the acyl portion of the ester and the substitu­
ents on the quaternary nitrogen of the choline moiety. If the ester group 
is eliminated and the chain length of choline reduced so that the compound 
tetramethylammonium (tetramine) results, only a weak cholinergic (depolari­
zing) activity remains (9). If the quaternary nitrogen methyl groups of 
choline are replaced singly or wholly by, e.£., ethyl groups, the resulting 
choline analog is non-cholinergic and instead becomes anti-cholinergic due 
to its assuming a role as a competitive antagonist of acetylcholine at neu­
ral junctions. Such a competitive antagonist will retain the ability to 
combine with the receiver cell receptors and prevent the acetylcholine from 
reaching these receptors but will not have the properties to depolarize the 
receptor sites and thus stimulate the receiver cell. Curare acts in this 
manner and thus such neural blockage can be considered "curare-like." A 
similar loss of cholinergic activity with concomitant gain of anti-choliner- 
gic activity is found when the acyl group of a choline ester is increased 
in size past butyrylcholine (for straight-chain esters) or past a single 
aromatic nucleus. Thus, benzilcholine is an extremely potent anti-choliner- 






An exception to this minimum size/activity relationship appears to be 
£ , 0-dimethylacrylylcholine. The branched and unsaturated nature of this 
compound, however, may effect its steric conformation in such a manner as 
to explain its cholinergic activity. Similar explanations of steric con­
siderations have been applied to such compounds as urocanyl-, acetyl-p - 
methyl- and succinylcholine to explain their depolarizing cholinergic ac­
tivity (9,24,28,31,99,133,134).
D. Other Quaternary Nitrogen Compounds Occurring in Marine Organisms.
Although the primary concern of this report is the characterization 
of choline compounds from marine sources, there exist other quaternary 
ammonium compounds which must also be considered due to their widespread 
occurrence in the marine biosphere. These compounds behave similarly to 
choline compounds with respect to their chemical and pharmacological prop­
erties and lend support to the theory that the quaternary nitrogen functional 
group in low molecular weight organic bases is responsible for the activity 
of these compounds in animal neural systems.
TABLE 2 lists the non-choline, quaternary amine compounds which have 
been reported from marine sources. The first compound, tetramine, is a 
classic example of a non-choline quaternary ammonium compound which exhibits 
cholinergic activity in nervous tissue. The activity of tetramine and of 
many of the other compounds listed in TABLE 2 is usually referred to as
TABLE 2.
Non-Choline, Naturally-Occurring Quaternary Bases in Marine Organisms.
Name Structure Occurrence (Phyla) References
Tetramine
("Thalassin”)












03SCH2CH2N(CH3)3 Porifera; Coelenterata 4, 32
TABLE 2 (Continued).























2, 3, 54, 
65, 78, 88, 
89, 132
TABLE 2 (Continued).
Name Structure Occurrence (Phyla) References
SjTTrigonelline L *  II Porifera; Coelenterata; 2, 3, 58
Eichinodermata; Mollusca; 62, 132
l
CHg Arthropoda
Zoo-Anemonine , [-CH^ CQO Coelenterata 2, 5, 132
s nh3c" ' ^ ' ch3







"curare-like, depolarizes," i..£», these compounds prevent the normal re­
sponse of a receptor tissue to acetylcholine (thus, curare-like) and irre­
versibly depolarize the receptor cells since the receptor sites are "satura­
ted" with the cholinergic compounds. Thus, a compound such as tetramine 
acts in the same neurotoxic manner as an excess of acetylcholine, or some 
other choline ester, by preventing the receptor cell from returning to its 
polarized or "relaxed" state, ready for further stimulation.
The principal studies of tetramine have been accomplished with the 
marine gastropods, Neptunea anthritica and Neptunea antiqua, snails favored 
for their flavor among epicureans but which have been implicated in out­
breaks of food poisoning (58). The toxin from these organisms is located 
in their salivary glands, which contain tetramine, histamine, choline and 
a suspected choline ester (11). The tetramine is believed to be the active 
factor in the toxin since it may comprise from 7-9 mg per gram of the gland 
from the Japanese species, N. anthritica (11), and 20-30 mg per gram of the 
gland from the Swedish species, N. antiqua (45) while the other components 
are present only in trace amounts in the glands. The toxin from these 
snails produces typical acetylcholine-like neurointoxication with motor 
paralysis, respiratory failure, lowering of blood pressure, and depression 
of heart beat, with possible death from high doses. Tetramine has also been 
found in coelenterates and may be involved with a protein to produce the 
toxicosis resulting from nematocyst stings from these organisms (132).
The betaines, a general class of quaternary ammonium bases, are also 
represented in marine organisms and appear to possess a curare-like, de­
polarizing action similar to tetramine. The parent of the series, betaine 
(glycine betaine), has been found in echinoderms, mollusks, annelids, arthro­
pods and chordates, £.£•» it has been found in the hypobranchial gland of
17
the gastropod Thias haemastoma, in the lobster, and in the urochordate 
Ascidia nigra (18). Y -Butyrylbetaine, the betaine of Y -aminobutyric acid, 
a powerful convulsant found in mammalian brain tissue (68), is not quite as 
widespread as betaine but has been reported in coelenterates, mollusks and 
echinoderms, £•£•» in the tentacles of the sea anemone Condylactis gigantea 
(132) and in the venom duct of species of Conus (78). Taurobetaine, the 
betaine of taurine, has thus far been reported only in the sponge Geodia 
gigas (4) and the coelenterate Briareum asbestinum (32) where it is present 
in concentrations greater than 0.3% dry weight of the organism.
Some straight chain compounds related to the betaines from marine 
sources include carnitine and laminine. The former substance is almost 
ubiquitous in animals as a metabolite (51) and in brain tissue (67) and has 
been reported in almost all phyla of marine organisms, including the porifera, 
coelenterata, echinodermata, mollusca, annelida, arthropoda and chordata 
(18,52). Laminine, the betaine of lysine, has been isolated from water ex­
tracts of the brown algae, Laminariales, including Laminaria augustata and 
species of Alaria, Costaria and Eisenia (121). Laminine monocitrate appears 
to exhibit acetylcholine-like effects on heart and smooth muscle prepara­
tions.
N-Methylpyridinium, homarine and trigonelline are all derivatives of 
pyridine. The latter two compounds are the N-methyl derivatives of pico- 
linic and nicotinic acids, respectively. Although these compounds are not, 
strictly speaking, quaternary ammonium compounds, their structure and 
charged nitrogen appear to confer properties and activities on these com­
pounds similar to true quaternary nitrogen compounds. N-Methylpyridinium 
has been reported in echinoderms and mollusks (7,78,97) while homarine and 
trigonelline have been found throughout the marine phyla, having been re­
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ported in members of the porifera, coelenterata, echinodermata, mollusca 
and arthropoda (2,3,54,89,132). These compounds act as anti-cholinergics, 
they have curare-like activity, but they do not appear to depolarize 
receiver cell receptor sites as do the betaines and tetramine. Furthermore, 
they are found throughout the other organs studied in the organisms and not 
only in the glandular and stinging organs thus suggesting a different func­
tion from other quaternary ammonium compounds (see below).
The final series of quaternary ammonium compounds found in marine 
organisms include the unusual compounds zoo-anemonine, herzynine and ergo- 
thioneine. The first compound is the N,N'-dimethylbetaine of imadazole 
acetic acid and has been extracted from the tentacles of coelenterates (2, 
5,132). Herzynine, the betaine of histidine, and ergothioneine, the betaine 
of 2-thiol-histidine, have been found in only one marine source, the horse­
shoe crab Limulus polyphemus (3) although the occurrence of the latter com­
pound in other sources is well known (92). The activities of these compounds 
are still unknown. However, it may be theorized that they may stimulate 
neural tissues and cause allergenic reactions due to their structural simi­
larities to histamine.
The function of non-choline quaternary ammonium compounds in marine 
organisms is still not certain. In most cases, similar to choline esters, 
these compounds are located in glands or tissues which do not function as 
centers of neural processes but rather as secretory or defensive/offensive 
organs. Thus, these compounds might be considered as neurotoxins, a theory 
supported by reports that compounds such as tetramine, homarine, trigonel­
line, y-butyrylbetaine and taurobetaine are found in the stinging tenta­
cles of coelenterates (89,127,132) where they may aid in defense and/or 
feeding, while tetramine, homarine and Y-butyrylbetaine appear to act in
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conjunction with a protein to cause the toxic properties of some snail 
salivary secretions (11,78). However, an alternate theory has been sug­
gested for the function of these compounds as osmotic regulators in cells 
since such quaternary ammonium compounds appear to be much more prevalent 
in marine organisms than in fresh water animals (18). Indeed, homarine has 
only been found, thus far, in marine organisms and appears to possess a 
highly diffusible nature in spite of its highly ionic nature (54). Such 
an osmo-regulatory function for these compounds would thus attempt to ex­
plain the mechanism whereby marine animals maintain a high internal osmotic 
pressure. Taurobetaine may also be involved in a biosynthetic mechanism 
leading to choline 0-sulfate in the red alga, Gelidium cartilagineum, since 
this compound is the intermediate postulated by Lindberg (83) for conversion 
of N,N-dimethyltaurine to choline 0-sulfate (see above).
E. Quaternary Ammonium Compounds in Algaet Studies on Amphidinium carteri.
Except for the presence of choline 0-sulfate in the red alga Gelidium 
cartilagineum (83) and laminine in members of the Phaeophyta (121), there 
have been no non-phospholipid quaternary ammonium compounds identified in 
algae, a surprising fact in view of the rather widespread occurrence of 
these compounds in marine organisms. The basic questions thus arise whether 
such quaternary ammonium compounds do occur to any extent in algae and 
whether algae, the primary suppliers in the marine food chain, pass such 
compounds onto higher members of this food chain. Such a production of 
quaternary amines by algae could thus be likened to the production of toxic 
substances, such as those produced by the dinoflagellates Gonyaulax catenella 
and Gymnodinium breve, which are either concentrated in higher marine in­
vertebrates and renders them toxic to higher members of the food chain or
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cause massive fish kills (15,90,105), Although the known quaternary amines 
are not as toxic as such compounds as G« catenella saxitoxin, they may still 
play an important role in the marine envronment and studies concerned with 
the occurrence of these compounds in algae, and in particular microscopic 
algae, could provide insights concerning the roles and movement of such 
substances in marine organisms.
In 1957, it was reported that supernates containing 1.5 x 10^ cells 
per ml from cultures of the dinoflagellates Amphidinium klebsii and Amphi- 
dinium rhynchocephalum caused fish kills in 15-25 minutes (91), Of particu­
lar interest was a later report which repeated this initial result with 
Amphidinium carteri and which led to the postulate that an acetylcholine 
analog was being released from the alga primarily as a protective agent 
against zooplankton (129) and secondarily as a fish lethal factor. With 
this initial indication of a possible biologically-active quaternary am­
monium compound in A. carteri and after preliminary tests confirmed the 
presence of choline in the organism (see below and 72), the present inves­
tigation was undertaken. The following study is directed at the extraction, 
purification and characterization of suspected choline substances in the 
marine dinoflagellate, Amphidinium carteri.
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II. MATERIALS AND METHODS.
A. Organism and Culturing*
The initial culture of Amphidinium carteri utilized in these studies 
was obtained from Dr* R.L. Guillard (Woods Hole Oceanographic Institute, 
Woods Hole, Mass.). The dinoflagellate was grown and harvested in the 
laboratory of Dr. John Sasner, Zoology Department, University of New Hamp­
shire, according to the methods described in APPENDIX I. The initial 
starter culture of A. carteri was obtained bacteria-free and this condition 
of sterility was maintained throughout its growth period. Frequent micro­
scopic examinations were made using phase contrast microscopy and Gram 
stains at all stages of the culturing and harvesting in order to determine 
whether any gross microbial contamination occurred. No such contamination 
was observed.
B. Neurospora crassa Assay.
SCHEME 1 illustrates the major steps involved in the Neurospora 
crassa assay for choline. The sample to be assayed (either whole dry cells 
or a specific preparation) was hydrolyzed by refluxing with 30 ml 3N HC1 
for 18-24 hours. The hydrolysate was concentrated in vacuo to dryness and 
the flask containing the resulting residue was placed in a vacuum desic­
cator containing a dish of NaOH pellets for 12-24 hours to remove the last 
traces of acid in the residue. The residue was next dissolved in ca. 10 ml 
distilled water, the resulting solution was neutralized with NaOH and the 
final volume of the solution was adjusted to 25.0 ml. Aliquots of 5.0 ml 
of this final hydrolysate were then passed through a Permutit (Fisher Sci-
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SCHEME 1.
Neurospora crassa Assay for Choline Activity.
150 mg Dry Cells 
(Or a suitable amount of an unknown fraction)
Hydrolyze in 30 ml 3N HCl for 24 hours with refluxing
Concentrate to dryness, in vacuo;
Place residue in a vacuum desiccator with NaOH
Dissolve in ca. 10 ml water} Neutralize with NaOH;
Hydrolyzed Cells
Make up to 25.0 ml
Final Hydrolysate Solution
Place a 5.0 ml aliquot on a Permutit column; 
Wash with 5.0 ml 0.3% NaCl;
Recover choline with 10.0 ml 5% NaCl
V
Assay Solution
Assay aliquots in Choline Assay Medium (Difco) with N, crassa for 72 hours 
at room temperature. Collect mycelia and weigh. Compare mycelia weight 
to a concurrently-run choline chloride standard growth curve.
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entific Co., Boston, Mass.) column (100 x 6 mm, containing ca. 1 g Permutit) 
to separate the choline in the sample from interfering methionine (66). The 
column was washed with 5.0 ml 0.3% NaCl to remove methionine and then with
10.0 ml 5% NaCl to recover the adsorbed choline from the column. Tep ml 
of the 5% NaCl eluate was collected and was then assayed for choline with 
a choline-requiring mutant of N. crassa (strain 485 from the Fungal Genetics 
Stock Center, Dartmouth College, Hanover, New Hampshire). Varying amounts 
of the eluate from 0.1-4.0 ml were added to 125 ml Erlenmeyer flasks, the 
volume in the flasks was adjusted to 5.0 ml with distilled water and 5.0 ml 
of double strength Choline Assay Medium (Difco Laboratories, Detroit, Mich.) 
(66) was added to each flask. The flasks were then sterilized and inocu­
lated with one drop of a suspension of If. crassa spores in distilled water. 
This suspension was prepared by transfering spores from at least one week 
old N. crassa slant cultures grown on Malt-Extract Agar (see APPENDIX II) 
into 5 ml volumes of distilled water until a reading of 80% transmittance
on a Bausch and Lomb Spectronic 20 at 650 nm was achieved. The inoculated
flasks were then incubated at 25 - 2°C for 72 hours after which time the 
mycelial growth of the N. crassa in the flasks was collected, dried and 
weighed. The resulting mycelial weights were then related to a concurrently- 
run choline chloride standard growth curve to determine the amount of cho­
line in the sample. Results are expressed as amount of choline chloride
in the unknown sample.
If the sample was to be assayed without prior hydrolysis, it was dis­
solved in a known volume of 5% NaCl and added directly to the assay flasks. 
The remainder of the assay was then carried out as described.
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Cl. Extraction Methods.
1^, Extraction of Culture Supernates. The supernate, after cen­
trifuging out the cells at 5000 x g for 10 minutes, of 12 liters of 
A, carteri culture was concentrated to dryness in vacuo and extracted with 
250 ml of hot 95% ethanol. After centrifuging at 45,000 x g to separate 
the ethanolic phase from insoluble salts, the salts were re-extracted with 
250 ml of hot ethanol. The resulting ethanolic extracts were combined and 
taken to dryness in vacuo and the residue was re-extracted with increasingly 
smaller volumes of 95% ethanol as well as other alcohols, including pro­
panol, lao-propanol and n-butanol. It was found that such an extraction 
procedure would not separate the choline substances from the large amounts 
of salt present in the culture medium and thus this extraction method was 
abandoned. Other methods involving dialysis, preparative paper chromato­
graphy and ion-exchange chromatography were also applied to culture super­
nates to attempt extraction of the choline substances away from the media 
salts. These methods also failed and were abandoned.
2m Extraction of Whole Cells (see SCHEME 2). One gram quantities 
of washed and lyophilized harvested cells of A. carteri were extracted 
with 250 ml of 95% ethanol for 24 hours on a mechanical stirrer. The re­
sulting ethanolic extract of the cells was centrifuged for 10 minutes at
45,000 x g and the resulting cell debris was next extracted with 250 ml of 
90% ethanol. The two ethanolic supernates (which contained any freely- 
occurring choline compounds as well as most of the lipid-bound choline and 
pigments of the algal cells) were combined, taken to dryness in vacuo and 
the resulting residue was suspended in 100 ml distilled water and partitioned 
against 100 ml n-butanol in a separatory funnel. After standing for ca.
SCHEME 2.
Isolation of Choline Compounds from Amphidinium carteri.
1.0 £ Dry Cells
Extract with 250 ml 95% EtOH; 
Centrifuge; Extract debris with 250 ml 90% EtOH
EtOH Supernates
Concentrate to dryness in vacuo
EtOH-Soluble Residue 
|
Suspend in 100 ml water; Partition with 100 ml n-butanol
Aqueous (Lower) Phase 






Combine; Wash with 50 ml water
Aqueous Wash
Combine; Concentrate to dryness in vacuo













2 hours, the clear, slightly-yellow lower aqueous phase of the partition 
mixture was drawn off and repartitioned with 50 ml of fresh n-butanol.
The two upper phase butanol solutions resulting from these partitions were 
combined and washed with 50 ml of distilled water to ensure that all the 
water-soluble components of the extract were removed from this butanol 
solution. The butanol solution was then combined with the cell debris 
from the ethanolic extraction of the whole cells and this mixture was taken 
to dryness in vacuo and saved for further analysis (Final Cell Residue, 
see SCHEME 2). The water wash of the butanol solution was combined with 
the aqueous partition phase, the combined solution was taken to dryness 
in vacuo, and the resulting residue was analyzed as described below. Here­
after, this aqueous partition fraction residue of the ethanolic extract of 
whole A. carteri cells will be referred to as the Crude Choline Extract.
D. Paper and Thin-Layer Chromatography.
J L .  Standard Samples. Standard samples (50 mg/ml in 50% ethanol) used 
included choline chloride (Fisher Scientific Co., Boston, Mass.); acetyl- 
propionyl- and butyrylcholine chloride (Sigma Chemical Co., St. Louis, Mo.)} 
succinyldicholine dichloride (Sigma); acetyl- 0-methylcholine bromide 
(Sigma); choline 0-phosphate (Sigma); choline 0-sulfate (Professor A.A. 
Benson, Scripps Institution of Oceanography, La Jolla, Calif.); ethanol- 
amine (Eastman Kodak Co., Rochester, N.Y.); N-methylethanolamine (K & K 
Laboratories, Inc., Plainview, N.Y.); and N,N-dimethylethanolamine (Sigma). 
Acrylylcholine was synthesized by the modification of a reported method 
(107) in the laboratory of Dr. Kenneth Andersen, Department of Chemistry, 
University of New Hampshire (see APPENDIX III).
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2. Paper Chromatography. Whatman No. 1 paper (35 x 20 cm) was used 
in all cases. The paper was spotted with ca. 10 ul of known and unknown 
samples along the longer dimension of the paper, rolled into a cylinder, 
stapled, and placed into a covered, :pylindrical glass tank at 22-25®C.
The chromatogram was then run ascendingly until the solvent front was 
within 1-2 cm of the top of the paper. After drying, the choline compounds 
were located first by exposing the chromatograms to iodine vapors which 
detected all the standards with the occasional exception of choline 0-sul­
fate and choline 0-phosphate. After the iodine treatment, the chromato­
grams were sprayed with Dragendorff's Reagent (see below) for positive 
identification of choline compounds.
The solvent systems used for paper chromatography are listed in TABLE 3. 
Besides using Whatman No. 1 paper per se, it was also used after modifica­
tion by treatment with potassium chloride. This treatment involved drawing 
the correctly-sized paper through a solution of 1M KC1 and allowing the 
paper to dry before use (26,27). The solvent to be used with the treated 
paper was also modified by saturating it with solid KC1 in the chromato­
graphy tank for at least one hour before the chromatogram was run.
R^ values for the standard and known samples in paper and thin-layer 
systems were calculated as!
Distance from origin to spot center
R = ----------------------------------------
Distance from origin to solvent front
3. Thin-Layer Chromatography (TLC). Prepared 20 x 20 cm, 0.25 mm 
thick, silica gel (E. Merck) and alumina (Macherey, Nagel) pre-coated glass 
plates (Brinkman Instruments, Inc., Westbury, N.Y.) were used in all cases. 























Paper Chromatographic Solvent Systems
Solvent System (v/v) References
Ethanollacetic acidiwater (90i5i5)a 55
Ethanol»NH^OH«water (90:5i5)a 55
n-Propanoliformic acidiwater (8iltl) 139
t^Butanollacetic acidiwater (70il5il5)a 
11-Butanol 1 acetic acidiwater (4:5il) 80
t_—Butanol 1 formic acidiwater (70:15ll5) 37
n-Propanol1water (7i3) 37
Acetone1water (9il) 60
Acetone 1water (9il) 
n-Propanollacetic acidiwater (8iltl)a
Acetonelacetic acidiwater (8:lil)a
Phenol1n-butanol1water 1 formic acid (50:50il0i3) 26









Z-Propanol1 formic acidiwater (81I1I)
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TABLE 3 (Continued)*
Number Solvent System (v/v) References
23 n-Propanol«water (9il)a 139
24 11-Propanol11M acetic acid (3:1)
25 n-Butanoliethanollacetic acidiwater (8t2«ls3) 12, 77
26 n-Propanoli1M acetic acid (3il) 77
27 n-Butanol«saturated with water 14, 77, 139
28 n-Butanolipropanoliwater (60i30i15) 14, 139
aSystem used with KC1 paper and KCl-saturated solvent*
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used without any prior activation at elevated temperatures. The plates 
were spotted with ca. 5 ul standard and unknown samples and were placed 
in covered rectangular glass TLC chambers which had been lined with Whatman 
3MM paper and equilibrated with the solvent to be used for at least one 
hour prior to the run. After the solvent had ascended to within 1-2 cm of 
the top of the plate, the plate was removed, dried, and subjected to iodine 
vapors and Dragendorff's Reagent as described for paper chromatography. In 
addition, silica gel plates were sprayed with 50% sulfuric acid and charred 
as a further check of the location of organic material on the plates.
The solvent systems and specific plates used in thin-layer chroma­
tography are described in TABLE 4.
Chromatographic Detection Methods. Detection of the choline com­
pounds and ethanolamines on paper and thin-layer chromatograms utilized a 
number of specific and non-specific reagents.
a. Iodine vapors. Iodine crystals were placed in a large desiccator 
jar and the jar was allowed to fill with iodine vapors. Choline compounds 
and ethanolamines developed as orange-brown spots on chromatograms placed 
in the vapor-filled jar.
b. Dragendorff's Reagent (Modified after 115). The following stock 
solutions were stored at 4®C:
(1) 1.7 g bismuth nitrate in 10 ml 20% acetic acid
(2) 4.0 g potassium iodide in 10 ml distilled water
Immediately before use, 1.0 ml of each of the two stock solutions were 
added to 2.0 ml glacial acetic acid in 10.0 ml distilled water in a spray 




Number Solvent System (v/v) Support References
1 n-ButanolJwater«formic acid alumina
(60:35:15)
2 n-Butanol:water:acetic acid alumina
(60:17:17)
3 n-Butanol:water:acetic acid alumina
(4:5:1)
4 Methanol:CC1,:acetic acid alumina4
(28:12:1)
5 MethanoliHCl (95:5) alumina
6 Ethanol:72 ammonia (2:1) alumina
7 jn-Butanol:water:acetic acid alumina
(4:1:1)
8 Phenoltt^bytanol:formic acid: alumina
water (50:50:3:10)
9 n-Propanol:phenol:water:acetic silica gel
acid (4:4:1:1)
10 n-Propanol:pyridine:water: silica gel
acetic acid (6:4:3:1)
11 Phenol ^-propanol:formic acid: silica gel
water (50:50:3:10)










sprayed chromatograms were placed in a 100°C oven for 5 minutes to dry. 
This reagent is specific for choline and other quaternary ammonium bases 
as well as for some alkaloids (113,115). Choline compounds appear as 
yellow to light orange (choline 0-sulfate and choline 0-phosphate), orange 
to orange/blue (choline esters), or orange-pink (choline chloride) spots 
on sprayed chromatograms while the ethanolamines do not respond to this 
reagent.
<c. Hanes-Isherwood Reagent (59). The following stock solutions 
were stored at 4°C:
(1) 4% (w/v) (NH^^MoO^ in distilled water
(2) IN HC1
(3) 60% (v/v) HCIO^ in distilled water
Immediately before use, the solutions were mixed in the ratio 25:10:5 
and sprayed onto the dried chromatograms. The reagent is specific for 
phosphate esters (115) and was used to ascertain the presence or absence 
of choline 0-phosphate in extracts of A, carteri. Esters of phosphate, 
including choline 0-phosphate, develop as blue spots on the sprayed chro­
matograms after exposure to UV light.
d. Charring with 50% sulfuric acid. Silica gel thin-layer plates 
were sprayed with 50% sulfuric acid in distilled water (v/v) and placed in 
an oven at 125-15CP C for 2-6 hours. Organic matter on the plates developed 
as black spots.
E. Initial Purification of the Choline Compounds from A. carteri.
1. Column Chromatography. Rexyn 102 (H+)(Fisher Scientific Co., 
Boston, Mass.) and AG 50W-X4 (Bio-Rad Laboratories, Richmond, Calif.)
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cation exchange resins were used in attempts to purify the Crude Choline 
Extract. The column packing to be used was washed in IN HC1 and packed in 
a 2 cm diameter glass column to give a 15 cm resin bed. After running ca. 
500 ml of IN HC1 through the packed column to assure the resin was in its 
active form, the column was washed to neutrality with c<i. 1000 ml distilled 
water. The Crude Choline Extract resulting from the extraction of 1.0 g of 
A. carteri whole cells was dissolved in water and applied to the column at 
pH 7. Elution was carried out with 500 ml volumes of water and then in­
creasingly more acidic solutions from 0.01M acetic acid to IN HC1. Frac­
tions of 50 ml were collected and subjected to paper chromatographic analy­
sis to locate the choline compounds.
2. Preparative Paper Chromatography. Preparative paper chroma­
tography of the unknown choline compounds from A. carteri was run on 40 x 
50 cm sheets of Whatman No. 1 paper in both KCl and non-KCl systems. The 
Crude Choline Extract from the ethanolic extraction of ca. 0,5 g of A. car­
teri whole cells (see SCHEME 2) was spotted onto the paper and the chro­
matogram was run in a covered glass tank with 400 ml of an appropriate 
solvent for 20 hours. After the run, a thin vertical strip was cut from 
the chromatogram and sprayed with Dragendoroff's Reagent to locate the cho­
line compounds. The strip was then realigned with the chromatogram and the 
chromatogram was sectioned to separate the areas corresponding to the Dra- 
gendorff-positive spots on the developed strip. The sectioned chromatogram 
was then cut apart and each section was cut into pieces and eluted with 
distilled water. The resulting solutions were separated from the chromato­
gram paper, taken to dryness in vacuo, and the residues stored in the deep 
freeze for further analysis and purification.
34
In most cases, preparative chromatography utilizing this method was 
run in paper chromatography systems 1 or 17 (see TABLE 3), The resulting 
Dragendorff-positive material recovered from sectioned chromatograms was 
then either subjected to physiological and N. crassa assays or used for 
further purification and analysis (see below).
F. Physical, Chemical and Spectral Methods.
1_. Melting Points. Melting points of purified choline compounds were 
determined on a Thomas-Hoover Capillary Melting Point Apparatus. When 
possible, a second capillary containing the known standard suspected to be 
identical with the unknown sample was run concurrently with the unknown 
sample.
2, Hydroxylamine-Ferric Chloride Reaction (64). This reaction is 
used for the colorimetric determination of short chain carboxylic acid es­
ters, lactones and aldehydes. Approximately 0.1 mg of the unknown sample 
in 1 ml water is added to 1 ml of 2M hydroxylamine-HCl and 1 ml of 3.5N 
NaOH, After two minutes, 1 ml of 33% (v/v) HC1 in water and 1 ml of FeCl^ 
solution (0.37M FeCl^ in 0.1N HCl) are added to the reaction mixture. The 
resulting purple color given by esters, lactones and aldehydes can be used 
as a quantitative colorimetric or qualitative determination and has been 
applied to the identification and estimation of choline esters (64).
3^. Hydrolysis and Subsequent Extraction of Choline Esters. The un­
known or standard samples (5-10 mg) were dissolved in 5 ml of 3N HCl and 
refluxed for 4-6 hours. After cooling, two procedures were followed de­
pending on whether recovered choline chloride or the derived acid from the 
ester was to be determined. If choline chloride was to be determined, the
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hydrolysate was taken to dryness in vacuo and placed in a vacuum desiccator 
with NaOH pellets to remove all traces of HCl. The resulting residue was 
then used for the determination of choline chloride by either the N. crassa 
assay or paper chromatography. If the derived acid of the hydrolyzed 
ester was to be determined, the hydrolyaate was extracted with an equal 
volume of diethyl ether three times. The resulting ether extracts were 
then combined, taken to a minimal volume (ca. 0.1 ml) in vacuo at room 
temperature, and the resulting material was analyzed by gas-liquid chroma­
tographic and spectral methods.
Gas-Liquid Chromatography (GLC). A Barber-Colman Model 5000 Gas 
Chromatograph equipped with a hydrogen flame ionization detection system 
was used. Known standards and the acids derived from hydrolyzed choline 
esters were analyzed on a 6 ft x A mm (i.d.) glass U-tube column packed 
with 100-120 mesh Porapak Q (Waters Associates, Inc., Framingham, Mass.). 
The column was conditioned for 8 hours at 250°C with a nitrogen carrier gas 
flow rate of 45 ml/min. Blocking of active sites on the packed column was 
accomplished by periodic injections of SILYL-8 (Pierce Chemical Co., Rock­
ford, 111.). Analysis of both known and unknown samples were run isothermal 
ly at 200, 225 and 240®C with a carrier gas flow rate of 40 ml/min. Detec­
tor and injector temperatures were routinely maintained at 25°C above the 
column temperature except in the case when the column was run at 200°C. In 
the latter case, the detector was maintained at 250®C.
Standard and unknown samples (1-5 ul of 10-20 mg/ml solutions in glass- 
redistilled methanol) were injected directly onto siliconized glass wool 
plugs in the column. Acetic, propionic, butyric, iso-butyric, chloracetic, 
glycolic and lactic acids; ethyl-, propyl-, iso-propyl-, butyl-, iso-butyl-
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t_-butyl-, n-amyl-, iso-amyl- and fr-amyl alcohols; acetone and methyl ethyl 
ketone were obtained from Fisher Scientific Co., Boston, Mass. Valeric, 
a -methylbutyric, methoxyacetic and iso-valeric acids and sec-butyl alcohol 
were obtained from Eastman Kodak Co., Rochester, N.Y. Caproic, crotonic,
0 ,P-dimethylacrylic, glyoxylic and glyceric acids were obtained from Sigma 
Chemical Co., St. Louis, Mo. Butyryl-, acrylic, crotonic and glycid-alde- 
hydej 0 -propiolactone and Y-butyrolactone were obtained from Aldrich 
Chemical Co., Milwaukee, Wis. Acrylic acid was obtained from the Baker 
Chemical Co., New York, N.Y., and pyruvic acid from Calbiochera, Los Angeles, 
Calif. If necessary, the acids and alcohols were glass-redistilled to a 
constant boiling point before GLC analysis.
Retention times (t) were calculated from the point of injection to 
the midpoint of the eluted chromatogram peak of the compound. Relative 
retention times (R) for specific compounds were calculated by the rela­
tionship!
t of the specific compound
R  -----------------------
t of the series standard
In the case of the alcohols, the series standard was ethanol. The other
compounds, acids, aldehydes, etc., were compared to acetic acid as the
series standard. The relative retention time of the series standard was
set equal to 1.00.
_5. Spectral Analysis. Ultraviolet/visible spectra were determined in 
absolute methanol or ethanol on a Cary Model 15 recording spectrophotometer 
scanning from 210-800 nm or on a Coleman 124 Double Beam Grating Spectro­
photometer (Perkin-Elmer Corp.) scanning from 350-190 nm. Infrared spectra 




1^. Initial Testing* Initial toxicity tests of A, carteri cultures 
and fractions vere carried out with killifish (Fundulus heteroclitus)* 
guppies (Lebestes reticulatus) and white mice in the laboratory of Dr. John 
Sasner, Zoology Department, University of New Hampshire. Whole cultures, 
culture supemates and whole cells of A. carteri were assayed in these tests.
2. Toxicity of Choline Standards in Mice. In order to determine the 
approximate toxicities of choline compounds in mice, known amounts of 
standard choline compounds were dissolved in distilled water and 0.25 ml 
of solution was injected intraperitoneally into 19-21 g male and virgin 
female white mice. Concentrations of the known compounds were then ad­
justed to determine the approximate (- 10%) minimum lethal dose (MLD) for 
each compound, which is defined as that amount of the compound in milli­
grams which, when dissolved in 0.25 ml water and injected IP into 19-21 g 
mice, causes death within 24 hours. The MLD for each compound once estimated 
was confirmed in at least 5 male and 5 female mice.
3^. Toxicity of Choline Esters in Fish. In order to determine the 
effect of choline esters in sea water, choline esters were tested for their 
possible activity on Fundulus heteroclitus. Killifish (4-6 cm body length) 
were collected in Great Bay Estuary, Newington, New Hampshire, and placed 
in Seven Seas Marine Mix (artificial seawater)(Utility Chemical Co., Pat­
terson, N.J.) for at least 24 hours before testing. Known amounts of the 
compounds to be tested for toxicity were dissolved in 500 ml volumes of 
artificial seawater to result in a series of concentrations for each com­
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pound from 0.5-10 mg/ml. Initially, two fish were tested at each concen­
tration level until a lethal level was found. Once the lethal level for 
a compound was found, at least five more fish were used to confirm the 
level. If no death occurred at a concentration of 10 mg/ml for a compound, 
it was considered non-toxic.
H. Pharmacological Studies.
The crude and purified choline components from A. carteri were tested 
in a number of physiological systems in the laboratory of Dr. John Sasner, 
Department of Zoology, University of New Hampshire, according to methods 
already described in detail (104, 125). Isolated and in vivo heart prepa­
rations of Mercenaria (Venus) mercenaria, in vivo heart assays on Cancer 
irroratus and Carcinus maenus, intracardiac injection of Rana pipiens heart, 
and the contraction of mouse intestine were utilized in these tests. Results 
of unknowns in these systems were compared to the activity of concurrently- 
run choline standards.
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III. RESULTS AND DISCUSSION.
A. Initial Observations on Toxicity.
The first indication of the presence of toxic factors in Amphidinium 
carteri was observed when killifish placed in beakers containing 400 ml 
of supernate from a centrifuged culture of A. carteri in late stationary 
phase died within 30-50 minutes. Further evidence of toxicity was found 
when guppies placed in an aquarium containing 0.05 mg/ml of whole A. car­
teri cells died in 20-30 minutes. Controls, when placed in aged culture 
medium or in an aquarium containing 0.05 mg/ml of whole cells of Spirogira 
sp., were not affected. In addition, when 25 mg of whole A. carteri 
cells was injected IP into white mice, death occurred in 80-140 minutes. 
The same amount of Spirogira sp. cells caused no death in control mice.
These initial toxicity indications along with the theory that toxic 
factor(s) of A. carteri might be choline-like in nature (91,129) led us 
to assay whole dry cells of the organism for choline, utilizing the 1J. 
crassa assay. The results of this assay revealed that A. carteri contains 
from 0.36-0.41% dry weight of choline chloride equivalent. Thus, further 
attempts were made to extract and characterize the choline compounds pro­
duced by this alga.
B,» Neurospora crassa Assay.
The N. crassa assay was initially tested with known standards to de­
termine its specificity with respect to choline derivatives. It was found 
to respond equally well, on a molar basis, to choline, choline 0-sulfate, 
N,N-dimethylethanolamine and N-methylethanolamine; to a lesser extent to
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succinyldicholine, choline 0-phosphate, acetyl-, propionyl- and butyryl- 
choline; and not significantly to acetyl-p -methylcholine and ethanolamine 
(see FIGURES 1 and 2). In addition, other workers have found no response 
is elicited in the assay by betaine, creatine, sarcosine, neurine, N,N-di- 
ethylethanolamine, dimethylamine, trimethylamine and tetramethylammonium 
chloride (57). Thus, it appears that the assay is specific for choline 
derivatives, the only exceptions being N-methyl- and N,N-dimethylethanol- 
amine. In addition, the assay appears to show a graded response of de­
creasing mycelial growth as choline is esterified and as the chain length 
of the acyl portion of the ester becomes longer.
£• Extraction of Choline Compounds from A. carteri.
Initial attempts at isolating the choline factors from A. carteri 
were aimed at recovering the compounds from culture supernates since the 
supemate from late growth phase cultures caused fish kills. However, 
the low molecular weight, dialyzable nature of the choline factors to­
gether with the high solubility of the factors in aqueous and ethanolic 
solutions made extraction of the factors away from the large amounts of 
salts in the medium unsuccessful. Thus, the factors were extracted from 
harvested, salt-free whole cells of A. carteri in early stationary phase 
of growth under the assumption that any non-lipoidal unbound choline 
derivatives are initially inside the whole cells at early stationary growth 
phase and are released by the cells into the medium in late stationary 
phase where they may act as toxic factors. This assumption is supported, 
in part, by the fish toxicity reactions to late culture supernates and to 
whole dry cells as reported above. Thus, the ethanolic extraction proce­
dure of whole cells (SCHEME 2) was used to extract non-lipoidal choline
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FIGURE 1. Mg mycelium of N. crassa resulting from the addition 
of increasing concentrations of choline esters to choline-free media.
1, Choline chloride; 2, succinyldicholine dichloride; 3, acetylcholine 
chloride; 4, propionylcholine chloride; 5, butyrylcholine chloride;















FIGURE 2. Mg mycelium of IJ. crassa resulting from the addition of 
increasing concentrations of choline derivatives and ethanolamines to 
choline-free media. 1, Choline O-sulfate; 2, N-methylethanolamine;


















compounds from A. carteri.
D. Estimation of Lipoidal and Non-Lipoidal Choline in A, carteri.
The Neurospora assay as described above estimates the total choline 
content of whole cells since the sample is acid hydrolyzed prior to assay.
Thus, choline bound in non-pharmacologically active forms such as in phospho­
lipids is released from these compounds during hydrolysis and estimated as 
free choline along with choline from pharmacologically active derivatives.
To estimate the amount of free and pharmacologically active non-lipoidal cho­
line present in A. carteri, the Crude Choline Extract from the ethanolic ex­
traction proceedure (SCHEME 2) was assayed, unhydrolyzed, in the N, crassa 
assay. In addition, the cell debris/butanol combined fraction of the extracted 
cells (Final Cell Residue, SCHEME 2) was assayed both before and after acid 
hydrolysis. The results of these assays are shown in SCHEME 3. Water-insol­
uble and lipoidal forms of choline account for only 0.07-0.10% of the dry 
weight of the original A. carteri cells while the water-soluble non-lipoidal 
forms of choline comprise most of the choline in the organism and elicit a 
positive Neurospora response without prior hydrolysis. The unhydrolyzed cell 
debris/butanol fraction elicited no response in the assay.
It is thus concluded from these results that the major forms of choline 
occurring in A. carteri are non-lipoidal in nature.
E. Paper and Thin-Layer Chromatographic Analysis.
1_, Standard Samples. All R^ . values determined in this investigation are 
averages of at least five chromatographic runs for each sample. Any individual 
run for any standard did not deviate from the average R^ by more than lZ.
TABLES 5 and 6 report the R^ values for known choline standards in 28 paper 
chromatographic systems. While TABLE 5 reports the actual R^ values determined 
in the present investigation, TABLE 6 is a compilation of both R^ values de-
SCHEME 3.
Correlation of Non-iipoidal and Lipoidal Choline in Amphidiniuro carteri.
150 mg Whole Cells
N. crassa assay
4
Total Choline Content 
(Expressed as choline chloride)
0.38% (dry weight)










Won-Lipoidal Choline Content 
0.26-0.34% (dry weight)




R Values of Choline and Related Compounds on Paper Chromatography.
R^ Value in Syste»a,b*
wuiupuuiiu
1 2 3 4 5 6 7 8 9 10 11 12
Choline chloride 0.52 0.60 0.47 0.25 0.30 0.57 0.52 0.17 0.16 0.41 0.27 0.61
Acetylcholine chloride 0.60 0.63 0.57 0.33 0.37 0.64 0.57 0.25 0.30 0.49 0,47 0.72
Acetyl-#-methylcholine bromide 0.71 0.74 0.66 0.48 0.47 0.69 0.68 0.54 0.45 0.60 0.61 0.77
Propionylcholine chloride 0.68 0.70 0.66 0.48 0.48 0.73 0.65 0.38 0.42 0.59 0.59 0.76
Butyrylcholine chloride 0.75 0.77 0.73 0.57 0.56 0.78 0.72 0.46 0.55 0.67 0.69 0.79
Succinyldicholine dichloride 0.25 0.54 0.21 0.06 0.15 0.34 0.38 0.04 0.03 0.11 0.07 0.60t
Choline O-phosphate 0.09 0 0.07 0.02 0.17 0.17 0.06 0 0 0.03 0 0.48
Choline 0-sulfate 0.14 0.21 0.12 0.06 0.18 0.35 0.36 0.12 0.07 0.07 0.12 0.58
Ethanolamine 0.47 0.64 0.36 0.40 0.39 0.57 0.71 0.79 0.66 0.39t 0.40 0.30
N-Methylethanolamine 0.56 0.77 0.45 0.41 0.43 0.62 0.79 0.80 0.86 0.43t 0.43 0.47
N,N-Dimethylethanolamine 0.60 0.81 0.48 0.37 0.40 0.64 0.82 0.82 0.84 0.43t 0.41 0.63
See TABLE 3 for solvent systems. 




13 14 15 16 17 18 19 20 21 22 23 24
Choline chloride 0.74 0.28 0.47 0.48 0.52 0.43 0.40 0.33 0.51 0.48 0.30 0.38
Acetylcholine chloride 0.80 0.32 0.54 0.49 0.55 0.48 0.46 0.41 0.59 0.57 0.37 0.46
Acetyl-p-methylcholine bromide 0.88 0.51 0.67 0.61 0.67 0.61 0.58 0.53 0.68 0.69 0.52 0.57
Propionylcholine chloride 0.87 0.44 0.62 0.58 0.63 0.60 0.56 0.53 0.67 0.67 0.51 0.59
Butyrylcholine chloride 0.91 0.51 0.69 0.65 0.69 0.69 0.65 0.60 0.72 0.76 0.62 0.70
Succinyldicholine dichloride 0.72 0.10 0.22 0.18 0.26 0.15 0.13 0.07 0.27 0.19 0.05 0.27
Choline O-phosphate 0.55 0 0 0 0 0 0.05 0 0.13 0.06 0 0.04
Choline O-sulfate 0.60 0.20 0.37 0.39 0.41 0.17 0.13 0.05 0.18 0.12 0.03 0.12
Ethanolamine 0.63 0.40 0.63 0.53 0.60 0.50 0.44 0.36 0.45 0.38t 0.52t 0.34
N-Methylethanolamine 0.73 0.59 0.71 0.69 0.73 0.64 0.53 0.41 0.55 0,43t 0.60t 0.39
N*N-Dimethylethanolamine 0.79 0.77 0.78 0.85 0.86 0.74 0.52 0.40 0.60 0.48t 0.61t 0.35
aSee TABLE 3 for solvent systems* 
^Abbreviations * t = tailing*
49
TABLE 6.
Compiled Rj. Values of Choline and Related Compounds on 
Four Paper Chromatograph!c Systems.
Rf Value in Systema,bi
LiOiUpOUIlQ
25 26 27 28
Choline chloride 0.37 0.46 0.09 0.15
Acetylcholine chloride 0.46 0.54 0.14 0.21
Acetyl- -methylcholine bromide 0.54 0.61 0.22 0.30
Propionylcholine chloride 0.57 0.61 0.22 0.31
n-Butyrylcholine chloride 0.66 0.69 0.28 0.40
2-Methylbutyrylcholine bromide 0.73 0.80 0.36 ----
n-Valerylcholine bromide 0.69 0.78 0.31 0.55
iso-Valery1choline chloride 0.78 0.82 0.38 ----
ii-Caproylcholine bromide 0.68 0.79 0.36 ----
Succinyldicholine dichloride 0.22 0.29 0 0.02
Benzoylcholine chloride 0.71 0.69 0.28 0.30
Crotonylcholine bromide 0.50 0.71 0.20 ---
n-Pentenoylcholine bromide 0.71 0.71 0.35 ---
$ ,0-Dimethylacrylylcholine bromide 0.70 0.71 0.35 ---
Urocanylcholine bromide --- 0.54 0.06 ----
Imidazolylpropionylcholine iodide 0.37 0.29 0.15
Indolylacetylcholine bromide 0.63t 0.73t 0.2 t ----
Indolylpropionylcholine bromide 0.60 0.73 0.26 ----
Nicotinoylcholine perchlorate 0.35 0.58 0.10 ----
Betaine 0.46 ---- ----
Carbaminoylcholine chloride 0.30 ---- ---- ----
Choline O-sulfate 0.31 0.32 0 0.03
Choline O-phosphate 0.10 0.15 0 0
Ethanolamine 0.45 0.52 0.34 0.46
N-Methylethanolamine 0.50 0.56 0.59 0.57
N , N-Dimethylethanolamine 0.48 0.53 0.81 0.66
aSee TABLE 3 for solvent systems and references. 
bAbbreviationsi t *» tailing.
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termined in this investigation and the R^ values of choline compounds re­
ported by other workers. Since many of the compounds in TABLE 6 were not 
available for testing and involve the work of different investigators, the 
R^ values of the substances in this table may be expected to vary (ca« - 10Z) 
due to the slightly different conditions used for their determinations.
The solvent systems found to work best in paper chromatography almost 
always contained an alcohol and an acid as well as always containing water. 
However, there were systems employing pyridine or ammonium hydroxide which 
worked equally as well as the acidic systems, contrary to the reports of some 
workers that bases such as ammonium hydroxide will cause hydrolysis of choline 
esters on the chromatograms (12,139). The use of KCl-treated paper and sol­
vent generally resulted in less tailing and more compact spots as well as 
usually lower R^ values for samples than the same system without treated paper 
and solvent. However, in some cases, the KCl-treated paper was undesirable due 
to the appearance of two solvent fronts and, in other cases, equally good re­
sults were obtained in the same system with either treated or untreated paper.
TABLE 7 reports the R^ values of known choline standards in 12 thin- 
layer chromatographic systems. Solvent systems for these chromatograms were 
more varied in nature than paper chromatographic systems, but, again, the 
systems were primarily based on an alcohol, acid and water.
In both paper and thin-layer chromatographic analysis, it was observed 
that in almost all systems, an increase in the chain length of a choline es­
ter by one carbon unit resulted in increased R^ values and, in the case of 
paper chromatography, this increase was fairly consistant at 0.05-0.10 R^ 
units in agreement with other workers (14). Also in agreement with other 
workers, isomeric esters such as propionyl- and acetyl-0-methylcholine had 
very similar R^ values in both paper and thin-layer systems (139), and suc- 
cinyldicholine had the lowest R^ value of all the choline esters in all systems
TABLE 7.
R Values of Choline and Related Compounds on Thin-Layer Chromatography.
Value in System3*^!
ooiupounu
1C 2 3C 4C 5° 6 7C 8 9 10 11 12
Choline chloride 0.47 0.51 0.45 0.55 0.55 0.73 0.76 0.65 0.46 0.27 0.48 0.24
Acetylcholine chloride 0.53 0.56 0.52 0.62 0.63 0.78 0.85 0.76 0.53 0.31 0.55 0.26
Acetyl-0 -methylcholine bromide 0.59 0.69 0.73 0.76 0.75 0.84 0.93 0.82 0.61 0.35 0.62 0.29
Propionylcholine chloride 0.55 0.61 0.56 0.70 0.68 0.79 0.89 0.80 0.57 0.36 0.59 0.31
Butyrylcholine chloride 0.60 0.63 0.62 0.69 0.67 0.81 0.92 0.81 0.62 0.38 0.63 0.35
Succinyldicholine dichloride 0.18 0.58 0.31 0.56 0.64 0.80 0.77 0.72 0.31t 0.10 0.36 0.11
Choline O-phosphate 0.07 0.03 0.06 0 0 0 0.07 0.03 0.14 0.04 0.12 0.12
Choline O-sulfate 0.17 0.31 0.20 0 0.21 0 0.54 0.55 0.38 0.31 0.37 0.22
Ethanolamine 0.09 0.32 0.29 0.42 0.41 0.73 0.57 0.40 0.40 0.33 0.41 0,35
N-Methylethanolamine 0.16 0.44 0.41 0.46 0.43 0.76 0.74 0.56 0.44 0.37 0.49 0.36
N,N-Dimethylethanolamine 0.45 0.47 0.49 0.73 0.65 0.85 0.87 0.70 0.47 0.40 0.55 0.36
aSee TABLE A for systems.
^Abbreviations« t - tailing. 
£
R^ . values in first phase.
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examined due to its diionic nature* Choline O-sulfate and choline O-phos- 
phate had consistantly low values in both types of systems due to their 
highly ionic natures while the ethanolamines showed a trend of increasing 
Rj. values as they became increasingly more methylated*
In all cases, the positive identification of unknown choline compounds 
by paper or thin-layer chromatography required co-chromatography with known 
standards in several systems since slight variations occurred in the R^ value 
of the same compound from run to run in the same system due to slight dif­
ferences in the solvent preparation, chamber saturation, temperature, etc*
Such variations in R^ values were found to occur especially in thin-layer 
systems and thus the use of commercially-prepared plates was deemed a neces­
sity even when unknown samples were co-chromatographed with known standards.
2* Unknown Samples. The Crude Choline Extract from three separate 
batches of A, carteri was analyzed in a number of paper and thin-layer 
chromatographic systems. It was found that in 24 paper and 10 thin-layer 
systems, the Crude Choline Extract always separated into three iodine- and 
Dragendorff-positive components. That organic components, other than these, 
were not present in the extract was verified by spraying the silica gel thin- 
layer chromatograms of the separated components with 50Z sulfuric acid* After 
charring the latter plates, only the same three spots corresponding to the 
Dragendorff-positive spots were detected*
TABLES 8 and 9 list the R^ values for the three choline components 
found in the Crude Choline Extract in a number of paper and thin-layer sys­
tems and represent an average of at least two chromatographic runs in each 
system for each batch of cells analyzed* R^ values from run to run for any 
component seldom deviated by more than lZ from the average. The three sepa-
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rated choline compounds are to be referred to as Unknown Components #1,
#2 and #3* Unknown Component #3 co-chromatographed in all systems with 
authentic choline O-sulfate while Unknown Components #1 and #2 occasionally 
co-chromatographed with known standards but not consistantly enough to 
warrent identification* However, isolation and rechromatography of these 
two components (see below) allowed the assignment of the values listed 
in TABLES 8 and 9 to the two unknowns.
In all paper and thin-layer systems applied to the unknown samples, 
Unknown Components #1 and #2 always chromatographed in the same sequence, 
i,*e.» #1 always had the lower value of the two. Unknown Component #3, 
however, did not always chromatograph in the same relative position to 
the other two unknowns.
It was further noted that if one or both of Unknown Components #1 
and #2 are choline esters (see below), they must be more polar than esters 
such as acetyl-, propionyl-, acetyl-0-methyl- and butyrylcholine to account 
for their relatively low R^ values and thus these two unknown components 
may contain additional polar function(s) or may contain unsaturation in 
their acyl moieties.
The reaction of the three components to Dragendorff's Reagent also 
gave an indication of the character of these compounds. Unknown Compo­
nent #3 gave a yellow to light orange spot on chromatograms similar to 
choline O-sulfate while Unknown Components #1 and #2 gave the typical 
orange color of choline esters. Spraying of the chromatograms with Hanes- 
Isherwood Reagent revealed the absence of any choline O-phosphate or any 
other phosphoric acid esters in the Crude Choline Extract from all the 
batches of A* carteri examined.
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TABLE 8.
Rj. Values of A. carteri Unknown Choline Components 
on Paper Chromatography.
Value of Unknown Component
#lb #2 #3°
1 0.27 0.41 0.14
3 0.27 0.40 0.12
6 0.17 0.50 0.35
7 0.18 0.29 0.36
10 0.14 0.29 0.06
13 0.34 0.70 0.59
15 0.09 0.22 0.38
17 0.11 0.23 0.41
19 0.24 0.47 0.12
22 0.35 0.53 0.11
25 0.05 0.52 0.21
26 0.10 0.59 0.32
27 0.05 0.15 0
28 0.04 0.16 0
aSee TABLE 3.
^Co-chromatographs with authentic acrylylcholine.
Q
Co-chromatographs with authentic choline O-sulfate.
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TABLE 9.
Ej. Yalues of A. carteri Unknown Choline Components 
on Thin-Layer Chromatography.
Rj Value of Unknown Component
#lb n #3°
4 0.04 0.33 0
6 0.29 0.71 0
7 0.04 0.11 0.53
8 0.12 0.30 0.51
9 0.04 0.14 0.37
10 0.16 0.43 0.31
11 0 0.06 0.35
12 0.13 0.45 0.22
aSee TABLE A.
^Co-chromatographs with authentic acrylylcholine.
n
Co-chromatographs with authentic choline O-sulfate.
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F. Preparative Paper Chromatography/N, crassa Assay.
In order to determine further whether the three separated components 
of the Crude Choline Extract were freely-occurring non-lipoidal choline 
compounds, the extract was analyzed by a combination of preparative paper 
chromatography and the N. crassa assay. The Crude Choline Extract resulting 
from the ethanolic extraction of 0.5-1.0 g dry A. carteri cells was run in 
preparative paper chromatographic systems and the resulting Dragendorff- 
positive areas of the chromatograms were located by the strip method, sec­
tioned off and eluted according to the methods described above. Solutions 
from the Dragendorff-positive areas as well as solutions from the remaining 
Dragendorff-negative areas of the chromatograms were made up to known vol­
umes with distilled water and subjected to the N. crassa assay without 
prior hydrolysis.
The results of two of these chromatogram/assay experiments are shown 
in FIGURES 3 and 4. Note that the areas with choline activity on the chro­
matograms correspond exactly with the areas which are Dragendorff-positive. 
By referring to TABLE 8, it can be seen that Unknown Component #3, choline 
O-sulfate, is the slowest spot in FIGURE 3 but the fastest spot in FIGURE 
4, while Unknown Components #1 and #2 correspond, respectively, to spots 
2 and 3 in FIGURE 3 and spots 1 and 2 in FIGURE 4. The apparent discrep­
ancy with respect to the reversed mycelial responses to Unknown Components 
#1 and #2 in the two systems may be due to the fact that the two experi­
ments were run on different culture batches of A. carteri.
From the results of these chromatogram/assay experiments, it may be 
concluded that three non-lipoidal choline compounds occur in A. carteri.
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FIGURE 3. Preparative paper chromatography and N. crassa assay of 
the unhydrolyzed ethanolic extract of A, carteri dry cells in solvent 















FIGURE A. Preparative paper chromatography and N. crassa assay of 
the unhydrolyzed ethanolic extract of A. carteri dry cells in solvent 






















G. Purification of the Unknown Choline Components.
Ion-exchange chromatography was used in initial attempts to separate the 
three choline components of the Crude Choline Extract. However* it was found 
that very acidic eluting agents (0.1M acetic acid to 0.5N HC1 on the Rexyn 
102 carboxylate column; 0.1N HC1 on the AG 50W-X4 sulfonic acid column) were 
required to recover the choline compounds and the resulting low pH's of the 
eluates made the stability of the suspected choline esters in the Crude Choline 
Extract questionable. In addition* elution of the columns with appropriate 
buffers such as 0.1M NaH2P0^, which has been used for the recovery of choline 
esters from ion-exchange columns (53)* was also discarded since it proved 
difficult to separate the resulting eluted choline compounds from the buffer 
salts* Thus* ion-exchange chromatography was not utilized in the purification 
of the unknown components.
Preparative paper chromatography in non-KCl systems, however* provided a 
method for purification of the unknown choline compounds. System 17 (TABLE 3) 
was used for the separation of the Crude Choline Extract into its three un­
known choline components. After the run* the components were located with 
Dragendorff's Reagent by the vertical strip method described above* eluted 
from their respective chromatogram areas with water and the extracts were taken 
to dryness in vacuo. SCHEME A illustrates this preparative chromatographic 
method and lists the typical yields of Unknown Components #1, #2 and #3 from 
1.0 g quantities of A. carteri whole dry cells. The typical yields listed in 
this and following schemes are averages of component quantities found in five 
extractions of two separate batches of A. carteri. Deviation from the average 
of any component in any extraction was always less than 10Z.
Once the three unknown components were separated* further purification 
steps were carried out on each of them. Unknown Component #1 was run in a 
second preparative paper chromatographic system and the Dragendorff-positive
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SCHEME 4.
Initial Purification of the Unknown Choline Components 
from A, carteri.
Crude Choline Extract 
(from 1.0 g dry cells)
Preparative Paper Chromatography in System 17
I I
#1 n  #3
Weight (mg)* 5.6 11.9 26.9
Z Weight of whole 
dry cells: 0.56 1.19 2.69
Z Weight after further 
purification (SCHEMES
5 and 6)t 0.23 0.89 0.28
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zone was located and eluted, yielding and average of 2.3 mg of chromato- 
graphically pure Unknown Component #1 (Purified Component #1, SCHEME 5). This 
material gave a positive hydroxylamine test which, together with its hydrolysis 
behavior, Dragendorff color and other evidence (see below), indicated it to be 
a choline ester.
Unknown Component #2 was also run in a second preparative paper chromato­
graphic system. However, after its elution from the chromatogram and its con­
centration to dryness in vacuo, it was suspended in 2 ml of 952 ethanol and 
separated into ethanol soluble and insoluble portions. After centrifuging, 
only the ethanol-soluble portion of the separation gave a positive Dragendorff 
reaction upon analysis of both fravtions of the separation in a number of 
paper and thin-layer systems. The average yield of this Purified Component #2 
(see SCHEME 5) was 8.9 mg. The material was extremely hygroscopic and gave a 
positive hydroxylamine test. This latter result, along with its hydrolysis 
behavior, Dragendorff color and other evidence (see below), indicated that Un­
known Component #2, like Unknown Component #1, is a choline ester.
Separated Unknown Component #3 was suspected of being choline O-sulfate 
due to its chromatographic behavior so advantage was taken of the latter 
compound’s relative insolubility in ethanol. The dry residue of the chro- 
matographically-isolated unknown was dissolved in 1 ml of distilled water and 
upon addition of 3 ml of absolute ethanol, a precipitate of pale yellow crys­
tals resulted. A second ethanol precipitation of the ethanol-soluble material 
using the same method with arsmaller volume of water resulted in little 
additional precipitate. The precipitate was washed and dried and yielded an 
average of 2.8 mg of Purified Component #3 (see SCHEME 6). The material 
was Dragendorff-positive and co-chromatographed with known choline 0- 
sulfate in all systems tried with both the standard and unknown samples
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SCHEME 5.
Further Purification of Unknown Choline Components #1 and #2«
#1 (5.6 mg)
Preparative Paper Chromatography in System 13
V
Purified Unknown Component #1 
2.3 mg; Dragendorff-positive zone at R^= 0.34
£2 (11.9 n&)
Preparative Paper Chromatography in System 6
10.2 mg; Dragendorff-positive zone at R^= 0.50









Further Purification of Unknown Choline Component #3.
#3 (26.9 mg)
Dissolve in 1 ml water; Add 3 ml EtOH
Ppt EtOH-soluble material
Wash with EtOH Repeat Precipitation
EtOH-soluble material;Pale-Yellow Crystals;
Dragendorff-positive Dragendorff-negative
Purified Unknown Component #3
(2.8 mg)
66
giving dark yellow spots when sprayed with Dragendorff's Reagent* Upon 
subjecting the unknown crystalline material and known choline O-sulfate to 
melting point analysis, both the standard and unknown (mixed and in separate 
capillary tubes) decomposed at 309-31CPC in agreement with other reports 
on the melting characteristics of choline O-sulfate (84). Both the un­
known and authentic choline O-sulfate gave a typical high response of cho­
line O-sulfate in the N. crassa assay and both gave negative hydroxylamine 
tests. These results as well as spectral analysis (see TABLE 15 and FIGURE 
9) of Unknown Component #3 are accepted as positive proof that #3 is cho­
line O-sulfate.
]3. Acid Hydrolysis and crassa Assay of Choline Esters.
It had been observed in _N. crassa assays that Unknown Components #1 
and #2 gave relatively low responses in the assay compared to Unknown 
Component #3 on a weight to weight basis. Since #1 and #2 were tenta­
tively identified as choline esters in preceeding work, it was decided to 
observe whether the activity of these unknowns in the N. crassa assay could 
be increased by prior hydrolysis and thus add additional proof to the 
theorized ester nature of the two compounds.
It was found initially by the use of known standards that, whereas 
esters of choline such as acetyl-, propionyl- and butyrylcholine gave 
relatively low responses (on a mole to mole basis) in the .N. crassa assay 
in comparison to choline chloride (see FIGURE 1), if these esters were acid 
hydrolyzed prior to assay, the response they elicited from N. crassa greatly 
increased due to the liberation of free choline during ester hydrolysis. 
FIGURE 5 illustrates one such example, that of butyrylcholine before and 
after acid hydrolysis. As expected, the increase in response in the assay
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FIGURE 5. Response of N. crassa to butyrylcholine before and after 
acid hydrolysis. 1, Choline chloride before and after hydrolysis; 2, 













was less, on a weight to weight basis, as the chain length of the acyl 
portion of the choline ester increased (see TABLE 10). In all but one 
case, however (that of acetyl-0 -methylcholine), hydrolysis of a choline 
ester led to a net increase in the N, crassa mycelial response to the 
ester.
Upon assaying the Crude Choline Extract before and after acid hydroly­
sis, a 3.5 fold increase in the mycelial response of N. crassa was observed 
after hydrolysis (see TABLE 10). Since this increase could not be attribu­
ted to the action of hydrolysis on choline O-sulfate, it was reasonable to 
assume that the increased response was due to the hydrolysis of the theorized 
unknown choline esters #1 and #2. Thus, the three separated unknown com­
ponents from a preparative paper chromatogram in system 17 were assayed be­
fore and after acid hydrolysis. As shown in TABLE 10, Unknown Components 
#1 and #2 showed approximately 3-fold and 14-fold increases, respectively 
(see FIGURE 6), in mycelial response from N. crassa after hydrolysis, simi­
lar to the responses shown by standard choline esters. Unknown Component 
#3 gave the expected choline O-sulfate response and showed no increased 
mycelial response after hydrolysis.
I. Chroma to graphi c Analysis of the Hydrolysis Products of Choline Esters.
In order to further prove that Unknown Components #1 and #2 release 
free choline upon acid hydrolysis, the residue from hydrolysates of the 
two unknowns was chromatographed in eight paper chromatographic systems 
and developed with Dragendorff's Reagent. Propionylcholine chloride and 
choline chloride (both before and after hydrolysis) were used as standards. 
The results of one chromatographic system, system 17, are shown in FIGURE 
7 while the values of the known and unknown samples before and after
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TABLE 10.
Response of Known and Unknown Choline Compounds in 
the N. crassa Assay Before and After Acid Hydrolysis.
Compound
mg Mycelium/ug Compound Assayed
Before Hydrolysis After Hydrolysis
Choline chloride 2.60 2.70
Acetylcholine 0.71 2.70





Choline O-sulfate 1.72 1.73
Choline 0-phosphate 0.23 0.29
A. carteri samples
Crude Choline Extract 0.010 0.035
Butanol/Cell Debrisb 0 0.005
Unknown Component #lc 0.002 0.006
Unknown Component #2C 0.005 0.070
j t cUnknown Component V3 0.051 0.053
^otal weight assayed* no correction is made for the loss of volatile 
hydrolysis products. 
bSee SCHEME 2.
cPurified to the first preparative chromatogram stage (SCHEME 5).
FIGURE 6. Response of N« crassa to Unknown Component #2 from 















FIGURE 7. Standard and unknown choline esters before and after 
acid hydrolysis on paper chromatography in system 17, j2-propanolipyri- 
dinetwater (6i4t3, v/v). 1, Choline chloride; 2, propionylcholine
chloride; 3, hydrolyzed propionylcholine chloride; 4, Unknown Component 
#1; 5, hydrolyzed Unknown Component #1; 6, Unknown Component #2; 7,






hydrolysis in the eight systems are reported in TABLE 11. In all systems, 
the non-volatile hydrolysis product of Unknown Components #1 and #2 co­
chromatographed with standard choline chloride and the non-volatile hydroly­
sis product of propionylcholine.
J. GLC Analysis of Unknown Components #1 and #2.
At present, no successful system is available for the direct identi­
fication of choline compounds by gas-liquid chromatography (see 72 and 75 
for a review of this area). Thus, a GLC procedure was developed to analyze 
the free acid components derived from acid hydrolysis of the postulated 
unknown choline esters #1 and #2. The porous polymer system used, Porapak 
Q, proved excellent for the separation of short chain compounds with a 
variety of functional groups. It was decided to standardize the column 
with a series of short-chain organic acids, alcohols, aldehydes and re­
lated compounds. The relative retention times of these compounds are re­
ported in TABLES 12, 13 and 14.
It was found that the Porapak Q column was best suited for compounds 
containing up to and including five carbon atoms. Compounds with a longer 
chain length tended to tail excessively and spread at the temperatures 
used. Most of the standard acids showed good elution patterns and separa­
tion from each other (see FIGURE 8). The exceptions were acids with addi­
tional functional groups such as pyruvic and lactic acids which spread too 
much at 200 and 229®C and which tended to tail badly even at the highest 
temperature used (240®C)(see TABLE 12) for this system to be useful for 
these compounds. Most of the standard alcohols, aldehydes, etc., could be 
chromatographed at all temperatures used (see TABLES 13 and 1A). As ex­
pected, the n-series of alcohols and acids showed a linear relationship
TABLE VI.
Rj. Values of Known and Unknown Choline Esters Before and After 




1 6 10 17 25 26 27 28
Choline (bh; ah) 0.52 0.55 0.40 0.52 0.37 0.44 0.08 0.14
Propionylcholine (bh) 0.68 0.71 0.58 0.63 0.57 0.60 0.22 0.30
Propionylcholine (ah) 0.52 0.55 0.40 0.52 0.37 0.44 0.08 0.14
A. carteri #1 (bh) 0.27 0.15 0.15 0.12 0.05 0.09 0.05 0.03
A. carteri #1 (ah) 0.52 0.55 0.40 0.52 0.37 0.44 0.08 0.14
A. carteri #2 (bh) 0.41 0.47 0.31 0.23 0.51 0.57 0.15 0.16
A. carteri #2 (ah) 0.52 0.55 0.40 0.52 0.37 0.44 0.08 0.14




Relative Retention Times of Acids and Unknown
Volatile Hydrolysis Products on Porapak £.
A







a -Methylbutyric 5.26 (t) 4.32
Valeric 5.81 (t) 4.51
iso-Valeric 5.46 (t) 4.24
Caproic nd 8.36 (b)
Acrylic 1.77 1.78
Crotonic 3.90 (t) 3.38
0 P  -Dimethylacrylic 6.21 (b) 4.81 (t)
Glyoxylic nd 1.69 (t)
Glycolic nd 4.33 (b)
Pyruvic nd 2.23 Ct)
Lactic nd 4.63 (b)
Glyceric nd 5.25 (b)
Chloracetic nd 3.89 (b)
Methoxyacetic nd 3.54 (t)
A. carteri #1C 1.77 1.78
A. carteri #2° 1.33 1.21
Retention time = 5.71 minutes.
^Retention time = A.53 minutes. 
cVolatile hydrolysis product.
Abbreviationsi t = tailing; b = broad tailing; nd = not determined 
due to extensive tailing or long retention time.
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TABLE 13.
Relative Retention Times of Alcohols and Unknown
Volatile Hydrolysis Products on Porapak
Alcohol
Relative Retention Time at
200 °C 225®C 240 «C
Ethyl 1.00a 1.00b 1.00°
Propyl 1.93 1.72 1.59
iso-Propyl 1.52 1.41 1.38
n-Butyl 3.94 3.05 2.61
iso-Butyl 3.38 2.72 2.36
sec-Butyl 3.03 2.46 2.17
t^Butyl 2.22 1.94 1.71
n-Amyl 8.19 (b) 5.69 (t) 4.43
iso-Amyl 7.26 (t) 5.07 (t) 4.07
fr-Amyl 4.70 3.58 2.94
A. carteri #1^ 4.05 3.15 2.87
A. carteri # 2 ^ 2.66 2.32 2.04
Retention time = 4.18 minutes. 
bRetention time = 3.12 minutes, 
detention time = 2.82 minutes. 
aVolatile hydrolysis product.
Abbreviations! t = tailing; b = broad tailing.
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TABLE 14.
Relative Retention Times of Miscellaneous Compounds and Unknown
Volatile Hydrolysis Products on Porapak <J,
Relative Retention Time at
Compound —
200® C 225®C 240® C
Acetic Acid 1.00a 1.00b 1.00c
Acrylic Aldehyde 0.62 0.71 0.80
Butyraldehyde 1.23 1.25 1.09
Glyci daldehyde 1.32 1.35 1.36
Crotonaldehyde 1.69 1.64 1.62
Acetone 0.67 0.77 0.84
Methylethyl Ketone 1.22 1.29 1.33
0-Propiolactone 2.52 (t) 2.36 2.27
Y-Butyrolactone nd nd 5.50 (t)
A. carteri #1** 1.86 1.77 1.78
A. carteri #2d 1.16 1.18 1.21
Retention time = 8.82 minutes.
^Retention time = 5.35 minutes.
Q
Retention time = 4.35 minutes.
^Volatile hydrolysis product.
Abbreviations: t = tailing; nd = not determined due to extensive
tailing or long retention time.
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FIGURE 8. GLC elution patterns for standard acids and derived 
hydrolysis products from A, carteri Unknown Components i t \  and #2 on 
Porapak Q.
Ai Elution peak for the volatile hydrolysis product of Unknown 
Component #1 at 240°C.
IJi Elution peak for the volatile hydrolysis product of Unknown 
Component #2 at 240°C,
Separation of an acid mixture at 240°C, 1 , Acetic; 2, acrylic;
3, iso-butyric; 4, butyric; 5, crotonic; 6, iso-valeric; 7, valeric; 
8» P#0-dimethylacrylic.





between chain length and column retention time.
Upon acid hydrolysis of Unknown Components #1 and #2 and extraction of 
the hydrolysates with diethyl ether (see above), GLC analysis of the e x ­
t r a c t s  revealed a single peak for each unknown component, presumably due 
to the volatile substance liberated from the acyl portion of the hydrolyzed 
unknown choline ester. The peak resulting from the hydrolysis of Unknown 
Component #1 showed a retention time and relative retention time identical 
to that of acrylic acid at all column temperatures (see TABLE 12). Although 
acrylic and propionic acids have very close retention times at all tempera­
tures, they can be distinguished by the shape of their respective elution 
peaks, .i.e., propionic acid elutes as a sharp, very symmetrical peak while 
acrylic acid elutes as a slightly asymetrical peak with a rather flattened 
maximum. The hydrolysis product of Unknown Component #1 also showed this 
asymmetry and flattening of its elution peak. In addition, co-chromato­
graphy of a mixture of the unknown hydrolysis product of #1 with standard 
acrylic acid showed no peak separation while co-chromatography of the un­
known hydrolysis product with propionic acid showed a slight shoulder-like 
tailing in the otherwise symmetrical elution peak. Based on this GLC analy­
sis of the unknown compound and its hydrolysis products, as well as physio­
logical tests (see below), #1 was thus tentatively identified as acrylyl- 
choline.
When Unknown Component #2 was hydrolyzed and analyzed by GLC, a single, 
sharp, symmetrical peak resulted, midway between the retention times of 
acetic and propionic acids. Since the number of volatile 2 and 3 carbon 
acids is rather limited, the unknown hydrolysis product of #2 was further 
compared to the alcohols, aldehydes, etc. listed in TABLES 13 and 14. How­
ever, no exact correspondence could be found between the unknown hydrolysis
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product and any known standard. Thus, these results together with the 
absence of any known report of a naturally-occurring ether derivative or 
derivative of choline which would yield an aldehyde or a compound other 
than an acid upon acid hydrolysis have led to the continued assumption 
that Unknown Component #2 is a choline ester.
One further observation should be noted here concerning Unknown Com­
ponent #2. Upon chromatographing a rather old sample of acrylic acid in 
the GLC system, two peaks resulted. Upon glass redistillation of the 
acrylic acid to a constant boiling point (141.0®C), the first of these two 
peaks was found absent upon GLC analysis of the purified acrylic acid. Fur­
ther analysis with a fresh sample of acrylic acid confirmed that the first 
peak in the old sample of acrylic acid was a contaminant. However, it was 
noted with interest that the acrylic acid contaminant present in the old 
sample of the acid had a retention time which exactly corresponded with the 
retention time of the hydrolysis product of Unknown Component //2. Thus, it 
is very possible that Unknown Component #2 contains an acyl group very 
similar to or derived from acrylic acid. As a check for any possible re­
arrangements which acrylic acid might undergo during acid hydrolysis, a 
sample of the pure standard was subjected to the same hydrolysis conditions 
used on the unknowns. GLC of the resulting acrylic acid extracted from the 
hydrolysis solution showed no change in retention time.
K. Spectral Analysis of Known and Unknown Choline Compounds.
1. Ultraviolet-Visible Spectra. Due to the absence, in most cases, 
of conjugation in choline compounds, visible and UV spectra have proven to 
be of secondary interest in the analysis of these compounds. However, 
whereas no notable visible spectra (800-350 nm) were exhibited by standard
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and unknown choline samples, the UV spectra (350-190 nm) of these compounds 
proved of interest, especially in the 210-190 nm region. It was found that 
standard samples of choline and its derivatives give absorbance maxima from 
196 to 210 nm and molar absorptivity (€.) ranging from 6.8 (choline) to 
321 (acetyl-0 -methylcholine)(see TABLE 15). Such wavelength maxima and 
extinctions are not unusual for non-conjugated systems since almost any 
molecule containing oxygen or nitrogen will absorb near 200 nm due to end 
absorption (n-» n* transitions)(40,112). Thus, choline chloride, choline 
0-sulfate and choline 0-phosphate show absorbance and low extinction values 
in this region. The esters of choline also have maxima in the 200-210 nm 
region but their extinction values are greater when compared to, e*£.» cho­
line chloride, due to the presence of tt electrons in the ester carbonyl 
groups. Acrylylcholine, containing a conjugated double bond system, showed 
a double peak spectral curve with A * 202, £.“ 13,000 and A = 225, €  =
14,000. However, the second maximum is suspected due to a contaminating 
polymerization product of acrylylcholine or acrylic acid since absorbance 
at this wavelength decreased markedly upon purification of the synthesized 
acrylylcholine (see APPENDIX III). Unknown Component #1, suspected acrylyl­
choline, exhibited a maximum at 204 nm with a high molar absoptivity (see 
TABLE 15) as would be expected due to its suspected conjugation. A direct 
match of the spectra of unknown #1 and authentic acrylylcholine was, how­
ever, not possible due to the 225 nm maximum in the spectra of the latter 
compound. However, a UV analysis was made of the acid liberated upon hy­
drolysis of Unknown Component #1. It was found that the unknown acid had 
a A “ 204.5 nm and 6 * 9428 in agreement with authentic acrylic acid and 
with reported values for acrylic acid (112).
UV analysis of Unknown Component #2 resulted in a single peak curve
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TABLE 15.
UV Absorption Maxima and Molar Absorptivities for Standard 











Choline 200 (s) 221 (b) 6.8
Acetylcholine 206 (b) 60.3
Acetyl-£ -methylcholine 204 (s) 321.4
Propionylcholine 207 (b) 77.0
Acrylylcholine 202 (s) 225 (s) 13000
Butyrylcholine 210 (b) 75.0
Succinyldicholine 203 (b) 196 (s) 102.2
Choline O-sulfate 203 (s) (256) 8.5
Choline O-phosphate 196 (s) 223 (b) 11.7
A. carter! #1 204 (s) 4143C
A. carter! #2 202 (s) 246.1d
A. carter! #3 203 (s) (256) 51.8®
Abbreviationsi s = sharp; b = broad.
^Wavelengths in brackets indicate shoulders.
°Molecular weight of acrylylcholine used for calculation.
Molecular weight of propionylcholine used for calculation. 
Aolecular weight of choline O-sulfate used for calculation
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with X “ 202 nm and £.<* 246. The high extinction of this unknown with 
respect to other cholines may be due either to slight contamination by 
Unknown Component #1 or due to a chromophore existing in the molecule since 
it remains a possibility that #2 is derived from acrylylcholine. The pos­
sibility of an additional functional group on the molecule such as another 
oxygen function or a halogen (see 40) may also explain the high extinction 
of Unknown Component #2. UV analysis of the derived acid from Unknown 
Component #2 showed an absorption maximum at 205 with £  “ 50. Such an 
absorption maximum and extinction is characteristic of free carboxylic 
acids, £•£., acetic acid has X * 208 and £  =32 (40,112).
Unknown Component #3 exhibited an absorption curve in the UV identical
to that given by standard choline 0-sulfate with X * 203 and a shoulder
max
at 256 nm (see FIGURE 9). The higher extinction value found with the un­
known (TABLE 15) may be assumed due to the cross-contamination of #3 with 
Unknown Components #1 and #2.
Z *  Infrared Analysis. Infrared spectral analysis on choline com­
pounds is difficult without previous derivative formation (see 72) due to 
the extremely deliquescent nature of these compounds. Thus, it was not 
possible to run infrared spectra on the unknowns due to the rather large 
amounts of material required for derivative formation. However, IR studies 
have been made utilizing absolute ethanol as a solvent (48) to study the 
2000-1600 cm"’*' region of choline compounds. Thus, Unknown Component #2 was 
subjected to such analysis but, unfortunately, the spectra could not be 
resolved from the bands created by the water present in the sample.
L. Toxicity of Choline Compounds in vivo.
Known choline standards were tested in mice and on fish to determine
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FIGURE 9* Ultraviolet absorption spectra of authentic choline 0- 
sulfate (A) and A. carteri Unknown Component #3 (B). Both spectra were 
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the minimum lethal dose (MLD) for each compound. The resulting MLD values 
indicated that these compounds, in mice, are not very potent toxins when 
compared to such toxins as botulinum or saxitoxin, but they do, neverthe­
less, illustrate that at relatively low concentrations choline compounds 
can be toxic in vivo in mammals. The results obtained from exposing fish 
to standard choline compounds are not as clear to interpret and will be 
discussed below.
The MLD values for standard choline compounds in mice are reported 
in TABLE 16. Interestingly, acetyl-^ -methylcholine appears to be more 
toxic than acetylcholine in agreement with observations on the effects of 
choline esters in mammalian systems (79) while succinyldicholine is the 
most toxic of all the esters tested most likely due to its dicholine nature. 
Also of interest is the toxicity of acrylylcholine relative to other cho­
line esters. The fact that acrylylcholine was tested as the iodide does
not appear relevant since potassium iodide and sodium iodide are only
toxic at much higher doses than those found for acrylylcholine (117a). Cho­
line O-sulfate and choline O-phosphate showed no toxicity at levels of 
1000 mg/kg and are thus assumed non-toxic with respect to other choline 
compounds•
When known choline compounds were dissolved in artificial sea water 
and killifish were placed in the resulting solutions, it was found that the
fish were not seriously affected by concentrations of 10 mg/ml and 5 mg/ml
of acetyl- and acetyl-p -methylcholine, respectively. Succinyldicholine, 
however, killed the fish within 10 minutes at concentrations greater than 
7.5 mg/ml and caused the fish to lie helpless in the water for 1-2 hours 
at concentrations greater than 5.0 mg/ml. These results are interesting 
since our original observations of the toxicity of A. carteri late culture
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TABLE 16.
Toxicity of Choline Compounds in Mice
Compound MLD/20 ga MLD/kga
Choline chloride 5.0 250
Acetylcholine chloride 2.5 125
Acetyl-0 -methylcholine bromide 1.75 87.5
Propionylcholine chloride 6.5 325
Acrylylcholine iodide 1.25 62.5
Butyrylcholine chloride 7.5 375
Succinyldicholine dichloride 0.05 2.5
Choline O-sulfate >  20.0 > 1000
Choline 0-phosphate >  20.0 > 1000
Minimum Lethal Bose (mg) needed to kill a 20 - 2 g mouse within 24
hours when injected interperitoneally in a volume of 0.25 ml water.
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supernates showed that such supernates were toxic to killifish. Possible 
explanations for these appearingly conflicting results include (a) the late 
culture supernates of A, carter! might contain choline compounds at concen­
trations greater than 10 mg/ml or might contain compounds as active or more 
active than succinyldicholine) (b) the saturated esters tested may not be 
effective as neurotoxins on marine animals; or (c) in order for the A. 
carteri choline compounds to act as toxins, they must be ingested by the 
fish. Of these three postulates, the second can be considered further since 
choline esters of marine origin appear to be much different than those of 
mammalian origin, i.«e»» the former esters are mainly derived from acrylic 
acid and may have branched or heterocyclic acyl groups while the latter all 
have saturated straight chain acyl ester groups. Of interest here are the 
results of studies on unsaturated choline esters, which have shown that 
distinct physiological differences exist between choline esters which possess 
unsaturated acyl groups and their saturated counterparts (107,108). Unfor­
tunately, due to the limited amounts of unsaturated choline esters which 
could be produced by standard synthesis methods, these compounds could not 
be tested with fish to either support or disprove the second postulate.
A limited amount of in vivo testing was done with various fractions 
from the ethanolic extraction procedure used on A. carteri dry cells (SCHEME 
2). It was found that all fractions of the extraction were non-toxic in 
mice at a level of 1250 mg/kg except the Crude Choline Extract. This latter 
fraction caused death in mice in 4-12 hours at a level of 1000 rog/kg while 
750 mg/kg and 500 mg/kg levels caused initial convulsions and then relaxa­
tion in the animals with recovery occurring in 1-2 hours. There was not 
enough of the extraction fraction material to test with killifish.
Thus, it appears that the toxicity of A. carteri cells is located in
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the Crude Choline Extract and, presumably, in the choline compounds of the 
extract. As yet, insufficient amounts of the individual Unknown Choline 
Components have prevented testing then ijn vivo.
M. Physiological Tests of the Unknown Choline Components.
The following physiological tests were applied to the Crude Choline 
Extract and Purified Component #1 (SCHEME 5), acrylylcholine. Detailed 
results and interpretations of these tests have been reported elsewhere 
(104,125), and thus the following results are summaries of the test results.
2.* Mercenaria mercenaria Assay. The myogenic heart of the bivalve
Mercenaria (Venus) mercenaria has been shown to be extremely sensitive to
acetylcholine (56,100), responding to amounts of the ester as little as 
—1210 g/ml. The acetylcholine appears to act on the pacemaker of the clam
heart and is believed to be the normal cardiac inhibitory neurohumor of
this organism. Other studies have supported this theory and have shown
that the heart is very specific in that it responds only to choline esters,
responding to carbamyl-, propionyl-, butyryl- and acetyl-p-methylcholine
(although higher concentrations of these esters are required to elicit a
comparable acetylcholine response), but not appreciably to choline itself
or to esters such as benzoylcholine (133).
Utilizing isolated and in vivo Mercenaria hearts, it was shown that
-9 -7
acetylcholine at concentrations ranging from 10 to 10 g/ml caused a 
decrease in the frequency and amplitude of the hearts. If the hearts were 
pretreated with 10**^g/ml of Mytolon (benzoquinonium chloride), an anti­
cholinergic which can block the action of acetylcholine on cholinergic re- 
ceptors at concentrations as low as 10 g/ml (49,131), then the acetylcho-
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line had no effect on the heart.
Similar results on Mercenaria hearts were shown by samples of A. car­
teri choline compounds. Crude Choline Extract at a concentration of
—2 —5
10 g/ml and Purified Component #1 at a concentration of 2.2 x 10 g/ml
both caused a decrease in the frequency and amplitude of the isolated clam
heart in five minutes with diastolic arrest occurring as a result of either
sample in 20 minutes. In vivo hearts also showed this decrease in frequency
.3
and amplitude upon treatment with 5 x 10 g/ml of Crude Choline Extract with 
the effect being revesible upon washing. If the isolated or ixi vivo hearts 
were pretreated with 10”^g/ral of Mytolon, neither the Crude Choline Extract 
nor Purified Component #1 showed any effects on the preparations.
2. Decapod Crustacean Assays. The neurogenic heart of the decapods
Cfcrcinus maenas and Cancer irroratus are stimulated by acetylcholine at
—9
concentrations as low as 10 g/ml (130). When the in vivo hearts of these
*•3
animals were treated dropwise with 10~ g/ml of the A. carteri Crude Choline
Extract or 2.2 x 10 ^g/ml of Purified Component #1, a two-fold increase
in the heart frequency resulted which was reversible with sea water washing.
—2If the hearts were treated with 10 g/ml of the Crude Choline Extract, 
irrevesible systolic arrest resulted.
_3. Rana pipiens Assay. The heart of the frog. Rana pipiens. is 
myogenic and, similar to all vertebrates, is inhibited by acetylcholine 
released from the inhibitory vagus nerve. When 5 mg of Crude Choline Ex­
tract was injected into a frog heart, a typical acetylcholine-like response 
resulted with a decrease in heart frequency. Injection of 10 mg of crude 
extract resulted in diastolic arrest. When 0.2 ml of a 10 g/ml solution 
of atropine sulfate (which blocks the action of acetylcholine on vertebrate
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hearts) was injected into a heart prior to injection of the Crude Choline
Extract, the latter substance had no effect on the heart frequency*
4* Mouse Intestine Assay. The use of guinea pig and mouse intestine
as an assay system for acetylcholine and related choline esters is well
known (see, e*£., 31,77), the application of these substances resulting in
contraction of the smooth muscle* It was found, using an isolated strip
.3
of mouse intestine, that 0.5 x 10 g/ml of A. carteri Crude Choline Extract 
and 1*25 x 10 ^g/ml of Purified Component #1 stimulated a two-fold increase 
in the frequency of intestine contractions in five minutes as well as a 50Z 
increase in the amplitude of the contractions. These increases in frequency 
and amplitude were comparable to those induced by a standard 10”®g/ml sample 
of acetylcholine. The effects of all the samples on the intestine were 
reversible with washing.
It thus appears that the components in the Crude Choline Extract of 
A. carteri and most certainly Unknown Component #1 (acrylylcholine) are 
acting as typical choline esters in physiological test systems.
N. Comparison of Unknown Component #1 to Authentic Acrylylcholine.
To attempt positive identification of Unknown Component #1 as acrylyl­
choline, the latter compound was synthesized as described below (APPENDIX 
III) and compared to Unknown Component #1. The synthesized acrylylcholine 
was initially judged pure by physical and spectral methods although it was 
necessary to purify the compound further in order to ascertain that it was 
chromatographically-pure (see APPENDIX III)# When the purified acrylyl­
choline was assayed with _N. crassa, it gave the typical low response of a 
choline ester before acid hydrolysis and an increased response almost equal
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to that of standard choline chloride after acid hydrolysis. Furthermore, 
its hydrolysis products were found to he choline chloride (via paper chro­
matography) and acrylic acid (via GLC analysis). UV analysis results of 
the prepared compound have been discussed above. The prepared acrylylcho­
line also gave a positive hydroxylamine test. Thus, it was concluded that 
the synthesized compound was, indeed, acrylylcholine.
The standard acrylylcholine was co-chromatographed with Purified Un­
known Component #1 (SCHEME 5) in the 14 paper and 8 thin-layer chromato­
graphic systems listed in TABLES 8 and 9. In all these systems, the stan­
dard and unknown had identical R^ values when sprayed with Dragendorff's 
Reagent and gave the typical red-orange color of choline esters with the 
reagent. Thus, it is concluded that Unknown Component #1 is acrylylcholine.
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IV. CONCLUSION.
The present study has resulted in the discovery and characterization 
of three non-lipoidal choline compounds in the marine dinoflagellate, 
Amphidinium carteri. Two of the compounds have been identified as choline 
O-sulfate and acrylylcholine while the other is, as yet, an unidentified 
choline ester which appears related to acrylylcholine. A sunmary of the 
properties of these three choline compounds is presented in TABLE 17.
The suspected choline O-sulfate from A. carteri has been shown to 
exhibit the same chromatographic, spectral, chemical and physical proper­
ties of authentic choline O-sulfate. In addition, the A. carteri compound
elicits the same nutritional response in the N. crassa assay as authentic
choline O-sulfate.
The suspected acrylylcholine from A. carteri behaves in an identical 
manner with respect to chromatographic, chemical and physical analysis 
methods as authentic acrylylcholine. In addition, the A. carteri acrylyl­
choline behaves as a typical choline ester in both the |I. crassa assay as
well as in physiological test systems specifically sensitive to choline 
esters.
The unidentified choline ester from A. carteri (Unknown Component #2) 
appears to be derived from acrylylcholine based on the gas chromatographic 
behavior of its hydrolysis product. Thus, it is postulated to contain either 
two or three carbon atoms in its acyl group and to most likely contain an 
additional heteroatom functional group to account for its chromatographic 
and spectral characteristics. The possibility may also still exist that 
Unknown Component #2 is not an ester but rather an ether or other derivative 
of choline. However, the absence of any report of such choline derivatives
TABLE 17.




Hydroxylamine test + + -
Melting Point Hygroscopic Extremely hygroscopic 309-310®C (decomposes)
Response to N« crassa assay
1. Before hydrolysis 0,04/ug 0.05/ug 0.65/ug
2. After hydrolysis 0 .12/ug 0.70/ug 0.65/ug
Chromatographic behavior Dragendorff (+), ester 
indicated; Low Rf; re­
leases choline upon hy­
drolysis; co-chromato- 
graphs with authentic 
acrylylcholine
Dragendorff (+)# ester 
indicated; Low Rf; re­
leases choline upon hy­
drolysis









GLC Analysis Volatile hydrolysis 
product co-chromato­
graphs with standard 
acrylic acid
Volatile hydrolysis 
product has t midway 
between acetic and 
propionic acids
No volatile hydrolysis 
product




X 8 202 nm 
max
c  8 246 
max
X 8 203) (256) nm
enax3 51*8
Identification Acrylylcholine Choline ester with Choline O-sulfate
2-3 carbon acyl group
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from natural sources would tend to negate such a non-ester theory. In 
addition, the hydroxylamine, chromatographic and hydrolysis results re­
ported above appear to support the ester theory for Unknown Component #2.
The occurrence of non-lipoidal choline compounds in a marine dino- 
flagellate has not, up to the present time, been reported, even though one 
might expect such compounds to exist in these primary marine food chain 
sources since higher marine organisms contain many quaternary ammonium 
compounds. The obvious question thus arises concerning the function of 
these choline substances in a marine alga. Choline O-sulfate can be pos­
tulated as serving three possible functions in living organisms; (a) that 
of a transport factor of sulfate, (b) as a source of sulfate, and/or Cc) 
as an osmoregulator. The first two functions appear directly linked to 
each other in all investigations to date* Choline O-sulfate has been 
shown to be an actively transported molecule in bacterial and algal cells 
and may also serve as the sole source of sulfate in these organisms (19, 
114)* Supporting this observation in lower organisms, it has been observed 
that choline O-sulfate is also actively taken up and transported in a num­
ber of plant systems (95,96) and may act as an effective transport agent 
for sulfate and possibly other ions in choline-containing membranes* It 
might be noted here that although these first two postulated functions for 
choline O-sulfate appear linked in all systems examined thus far, the pos­
sibility of finding an active transport function for the compound without 
a sulfatase function in an organism is still plausible if, for example, 
choline O-sulfate serves a function other than purely as a source of sul­
fate. Thus, these two functions can be considered mutually exclusive* In 
any case, since A. carteri has a rather high nutritional requirement for 
sulfate (see APPENDIX I), a possible role of choline O-sulfate in the trans-
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port of and as a source of sulfate in the alga could thus be postulated.
The third possible function of choline O-sulfate, that of an osmo- 
regulator, could explain the transport of salt ions by choline O-sulfate 
out of cells producing the substance. Choline O-sulfate may be postulated 
as occurring in two possible forms in vivo, (a) as a cyclic structure 
(117,142) by virtue of an intramolecular salt bridge between the quater­
nary nitrogen and sulfate groupt
or (b) as the salt of an appropriate ion pair, such as sodium chloride!
In the latter case, it could be assumed that such an ion-bearing form of 
choline O-sulfate would act in the removal of the salt ions from inside 
the cell by actively transporting them through the cell membrane and out 
of the cell. Such a theory of active salt transport out of cells be cho­
line O-sulfate is supported by recent observations that certain mangrove 
plant species which actually excrete 2M NaCl at their leaf surfaces produce 
large amounts of choline O-sulfate (which is found excreted with the salt) 
while species of the same plants which do not excrete salt do not produce 
choline O-sulfate (20). Thus, applying such a function for choline 0- 




important role in actively transporting salts out of the alga. Certainly 
such a theory is supported by the postulated role of other quaternary bases 
found in marine organisms, such as homarine, as osmoregulators (see above).
As was discussed above, many, if not all. of the choline esters as 
well as many of the non-choline quaternary ammoniun compounds found in 
marine organisms, may act as potential toxins. Thus, it is possible that 
the two choline esters found in A. carteri serve as defensive substances 
against parasites and predators. Such a theory of choline esters function­
ing as toxic factors is supported by the action of quaternary ammonium 
compounds on, for example, mollusks (128); by our own results on the effects 
of choline esters, such as succinyldicholine, on fish; and by reports con­
cerning the activity of alcoholic extracts of a strain of A. carteri (Amphi- 
dinium carteri Hulburt) as antibacterial agents against species of Staph- 
yloooccus and marine species of Corynebacterium, Brevibacterium, Micro­
coccus and Flavobacterium (39). Of course, the mechanism of toxicity of 
choline esters would be expected to vary between the microorganisms and 
marine animals mentioned, i..e«, whereas choline compounds might be acting 
as toxins on bacteria and other microorganisms by some unknown mechanism, 
they most likely act as neurotoxins in animal systems.
While the above examples illustrate the possible primary roles of 
choline esters in the marine environment, these compounds may also exert a 
secondary influence once they enter into the food chain. Thus, the occur­
rence of acrylylcholine in higher marine organisms, e.£.» in species of 
Buccinidae (137), might be due to the concentration of the choline ester 
from ingestion of algae such as A. carteri which produce the compound or 
by ingestion of another animal which feeds on such choline ester-producing 
algae. In addition, choline esters produced by algae such as A. carteri
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may be hydrolyzed by esterases to choline after ingestion by, e.£., mem­
bers of the Pelecypoda, and lead to the large and toxic accumulations of 
choline found, for example, in the ovaries of the bivalve Callistra brevi- 
siphonata (10) and in short-necked clams (123). Certainly one example 
which can be cited of the movement of a toxic compound up the marine food 
chain is that of acrylic acid itself, which is known to occur in some 
algae (8,109,110,111) and which has antimicrobial activity. Concentration 
of acrylic acid produced by the alga Phaeocystis occurs in the gastro­
intestinal tract of penguins which feed on crustacea which feed on the 
alga and leads to the suppression of coliform microflora in the penguins 
(110). Other examples of the movement of toxic substances up the marine 
food chain were cited above with respect to saxitoxin and other substances. 
Thus, it is very possible that the choline esters produced by A. carteri 
are produced as defensive substances primarily directed against bacteria, 
zooplankton and possibly some fish, but are also able to move up the marine 
food chain per se and act secondarily as neurotoxins in higher marine or­
ganisms.
The discovery of choline compounds in a dinoflagellate opens a wide 
range of possible studies on these organisms to determine whether toxicity 
in many of them can be linked to the production of quaternary ammonium 
compounds. Thus, utilizing the methods described, further studies may be 
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APPENDIX 1^
Growth and Harvesting of Amphidinium carter!.
A, carteri was grown in unialgal culture in sterile 20 liter glass 
carboys at 24 - 2°C. The media utilized was NH-15 as described by Gates 





MgCl2 * 6H20 4.5
MgSO^ * 7H20 6.0
CaCl2 0.7
2. Add 977 ml distilled water and!
1 ml of a 1Z solution of K^HPO^
1 ml of a 1% solution of KNO^
1 ml of a 1% solution of EDTA
5 ml of a 10Z solution of tris buffer
5 ml of Metals Solution (see below)
5 ml of Sulfides Solution (see below)*
3* Stir and then autoclave at 15 psi for 15 minutes. Cool and pass the 
media through a 0.45 u Millipore filter. Add to the filtered medial 
1.0 ml of a 1Z solution of thiamine
0.1 ml of biotin solution (0.5 mg biotin/100 ml water)
0.1 ml of Vitamin-8-Mix (see below)
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0.2 ml of a 0*5% solution of adenine sulfate
0.1 ml of solution (1 mg Vitamin B^/lOO ml water)
4. Adjust the pH of the media to 8.0 with concentrated HC1 and allow the 
media to sit overnight at 24QC before inoculation.
Metals Solution



































The media was inoculated from existing cultures of A. carteri to 
result in an initial concentration of 6-12 million cells per liter. The 
carboys were placed next to vertically-mounted double 40 watt white flour- 
escent lights such that the center of each carboy was approximately 12 
inches from the light (ca., 250 foot candles). The cultures were contin­
uously illuminated and aerated during growth.
During growth, the cultures were monitored daily with a Model F 
Coulter Counter until they reached a peak density as described by.;a pre­
viously determined standard growth curve of the organism. At this time,
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the cells were harvested by continuous flow centrifugation utilizing a 
Sorvall RC2-B refrigerated centrifuge equipped with a Sorvall KSB contin­
uous flow system at 15®C and 5000 rpm (3020 x g) and with a continuous 
flow rate of 0*366 liters/minute* The resulting cell pellet was washed 
once with distilled water* lyophilized and stored in the deep freezer. 
Yields were approximately 1 gm dry cells per 8-10 liters of culture.
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APPENDIX II. 
Modified Malt Extract Agar*.
Component j»/JL




The components were dissolved in 1000 ml of distilled water, the 
resulting solution was distributed in screw-capped tubes, and the tubes 
were autoclaved at 15 psi for 15 minutes.
^ h e  modification is of Blakeslee's original formula which calls 
for twice the amounts of the components per liter then reported above 
(Raper, K.B. and D.I# Fennell. 1965. The genua Aspergillus. Williams 




Acrylylcholine was synthesized in the laboratory of Dr. Kenneth 
Andersen, Department of Chemistry, University of New Hampshire, according
j
to a method adapted from other workers • Addition of 25.2 g (0.35M) 
acrylic acid to 41.5 g (0.35M) thionyl chloride with subsequent heating 
resulted in acrylylchloride. This compound was added to a diethyl ether 
solution of 26,8 gm (0.30M) N,N-dimethylethanolamine. After neutralizing 
the solution with dilute sodium hydroxide, the product was extracted with 
diethyl ether, dried over MgSO^ and the ether evaporated off in vacuo. The 
resulting oil was distilled at 38-44°C and 0.8mm and 3 ml of acrylic acid 
N,N-dimethylaminoethyl ester was collected. The ester was then dissolved 
in diethyl ether and treated with methyl iodide. Acrylylcholine iodide 
precipitated from the solution immediately. After a series of recrystal­
lizations, 0.0068 g of product was collected (m.p. * 133.5-135°C),
The synthesis product was observed to have two distinct components 
in a number of paper and thin-layer chromatographic systems, a slow moving 
component corresponding to A. carteri Unknown Component #1 and a fast 
moving component with a high value with respect to standard choline 
esters. Both components were iodine and Dragendorff-positive with the 
slower moving component giving an orange (typical of choline esters) and 
the faster component a blue-red (also characteristic of some choline esters) 
Dragendorff color. The two components were separated from each other by
aSekul, A.A. and W.C. Holland. 1961. Comparative pressor effects of cer­
tain unsaturated acid esters of choline. J. Fharm. Exptl. Therp, 1331 
313-318.
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preparative paper chromatography in system 25 (butanolsethanoltwatert 
acetic acid* 8«2»3sl, v/v* no KCl). Upon UV analysis* both components 
exhibited peaks at 203 and 225 nm although the faster noving component 
had at least a ten fold greater absorbtivity. Hydrolysis of both com- 
ponents and subsequent GLC analysis of their volatile hydrolysis products 
on Porapak Q showed that the slower moving component released acrylic 
acid upon hydrolysis while the faster moving component released a neg­
ligible amount of acrylic acid and no other hydrolysis product detectable 
on the Porapak Q column* It was therefore concluded that the slower 
moving component of the synthesis product was* indeed* acrylylcholine 
while the faster moving component of the synthesis product was either a 
polymerization product of acrylic acid or acrylylcholine.
